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Annotat ion 

A broad range of problems r e l a t e d  t o  t h e  physiology of the  v e s t i b u l a r  
analyzer  of  man and animals, located under condit ions o f  t e r r e s t r i a l  g rav i t a -  
t i o n  and app l i cab le  t o  space f l i g h t ,  i s  i l luminated.  A g rea t  dea l  of  
a t t e n t i o n  i s  devoted t o  considerat ion of t h e  b io log ica l  mechanisms of  t h e  
functioning processes of t h e  v e s t i b u l a r  analyzer  a t  d i f f e r e n t  l eve l s  o f  
development of t h e  nervous system, t o  c h a r a c t e r i s t i c s  and p r inc ip les  of t h e  
physiological  i n t e r a c t i o n  of  t h e  analyzers o f  t h e  body's pos i t ion  and motion 
i n  space, and t o  app l i ca t ion  o f  mathematics and e lec t ron  microscopy i n  the  
f i e l d  of  labyrinthology.  The book contains 24 t a b l e s  and 38 f i g u r e s .  
Responsible e d i t o r s  a r e  Academician V. V. Parin and Professor M. D .  Yemelt- 
yanov. The t e x t  is preceded by a foreword. 
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Fo rewo t-d 

This c o l l e c t i o n ,  w r i t t e n  by a c o l l e c t i v e  o f  au thors ,  p resen t s  39 papers  
i n  which a wide range of  problems r e l a t e d  t o  t h e  physiology o f  t h e  v e s t i b u l a r  
analyzer  under t e r r e s t r i a l  condit ions and appl icable  t o  space f l i g h t  i s  
i l luminated  . 

The ma te r i a l  i s  accordingly arranged by sec t ions :  t h e  i n t e r a c t i o n  of t h e  
v e s t i b u l a r  analyzeu with o t h e r  analyzer systems, physiology of t h e  v e s t i b u l a r  
analyzer ,  t h e  problem of motion sickness and increased s t a b i l i t y  t o  v e s t i b u l a r  
e f f e c t s ,  and development of new methods of  inves t iga t ing  t h e  v e s t i b u l a r  
funct ion .  

The papers  of a t h e o r e t i c a l  na ture  i n t e r p r e t  physiological  mechanisms o f  
t h e  in t ima te  funct ioning  processes of t h e  v e s t i b u l a r  analyzer  under var ious  
condi t ions ,  t hey  d i s c l o s e  methods, c h a r a c t e r i s t i c s  and p r i n c i p l e s  of i n t e r -  
a c t i o n  with o t h e r  analyzers ,  and they consider  problems of applying mathe- 
matics  andelec t ron  microscopy i n  t h e  f i e l d  of labyrinthology.  The experience 
of s tudying t h e  v e s t i b u l a r  funct ion during o r b i t a l  f l i g h t s ,  t h e  problem o f  
v i b r a t i o n  and new methods of  investiga-t ing  t h e  v e s t i b u l a r  analyzer  a r e  
genera l ized  i n  t h e  papers of a  p r a c t i c a l  t r end .  Further  ways of  studying t h e  
analyzer  funct ion  during space f l i g h t s  a r e  noted. 

Study s f  t h i s  c o l l e c t i o n  w i l l  permit doctors  and experimenters working i n  
va r ious  f i e l d s  t o  become acquainted with the  most recent  achievements on t h e  
physiology o f  t h e  v e s t i b u l a r  analyzer .  

Academician V. V. Par in  
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P H Y S I O L O G Y  OF THE VEST1 BULAR A N A L Y Z E R  

V .  V .  Parin and M .  D. Yemel 'yanov 

INTERACTION O F  THE VESTIBULAR ANALYZER W I T H  OTHER 
ANALYZER SYSTEMS 

SOME REAL PROBLEMS OF INVESTIGATING THE ANALYZER FUNCTION 
OF ASTRONAUTS IN FLIGHT 

M .  D. Yemel'yanov 

ABSTRACT. A number of pos i t ions  i s  put forward on the  
bas is  of analyzing d is rupt ions  of the analyzer function of 
cosmonauts i n  f l i g h t ,  and of experimental inves t iga t ions  
under ground condit ions.  I l lusory  sensat ions of s p a t i a l  
o r i e n t a t i o n  develop as a  r e s u l t  of conf l i c t ing  s i t u a t i o n s  
i n  perception of g rav i t a t iona l  and visual  conditioned re- 
f l e x  v e r t i c a l s .  The i l l u s i o n s  may be accompanied by mo- 
t ion  sickness.  

The o r b i t a l  f l i g h t s  o f  Soviet  and American as t ronauts  have made it - /5*  
poss ib le  t o  accumulate t h e  most voluminous s c i e n t i f i c  da ta  on the  e f f e c t  of 
space f l i g h t  f a c t o r s  on t h e  human organism. It would apparently be  use fu l  and 
f e a s i b l e  t o  supply not only t h e  r e s u l t s  of numerous inves t iga t ions  i n  c e r t a i n  
branches of  space medicine, but  a l s o  t o  present  them i n  the  form of c r i t i c a l  
genera l iza t ions .  

The f a c t  i s  t h a t  t h e r e  have been statements i n  the  pe r iod ica l  l i t e r a t u r e  
and a t  i n t e r n a t i o n a l  congresses and symposiums on as t ronau t i c s  which have 
o f t en  el iminated t h e  s t a t e  of as t ronauts  i n  f l i g h t  from t h e  d iametr ica l ly  
opposed pos i t ions .  

American colleagues,  f o r  example, have more than once mentioned the  
presence of  some kind of vege ta t ive  d isorders  i n  t h e i r  as t ronauts ,  a t  t h e  same 
time corroborat ing t h e  p o s s i b i l i t y  of s p a t i a l  i l l u s i o n s  developing during the  
t r a n s i t i o n a l  periods from t h e  a c t i v e  t r a j e c t o r y  of  sh ip  motion t o  weight- 
lessness .  On t h e  o ther  hand, t h e r e  have been repor t s  i n  t h e  Soviet press  
about development of symptoms i n  individual  cosmonauts which were s i m i l a r  t o  
the  i n i t i a l  phase o f  v ib ra t ion .  

* Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  the  fore ign t e x t .  

1 



Some authors ,  expressing one o r  another  hypothesis on t h e  o r i g i n  o f  
s imi l  ax phenomena, were subsequently t rapped by- t h e i r  own assumptions. Thus, 
t h e  idea  of vesti 'oular o r i g i n  of vege ta t ive  d i so rde r s  i n  cosmonauts was born 
and i s  p e r s i s t e n t l y  corroborated,  and Lansberg introduced t h e  term "sputnik 
s ickness ,"  

No l e s s  important i s  t h e  problem of d i f f e r e n t i a t i n g  t h e  e f f e c t  of  dynamic 
weightlessness on an organism from o the r  f a c t o r s  of t h e  unusual medium i n  
which t h e  as t ronaut  f i n d s  himself .  The equa l i ty  sigri i s  placed between space 
f l i g h t  and weightlessness with respect  t o  t h e  analyzer  funct ion .  We know, 
moreover, t h a t  t h e  a c t i v i t y  o f  t h e  analj-zers e s s e n t i a l l y  r e f l e c t s  t h e  s t a t e  of 

/6 c o r t i c a l  dynamics and depends d i r e c t l y  on i t .  There a r e  adequate condi t ions  - 
during space f l i g h t ,  beginning with t h e  emotions o f  t h e  as t ronaut  and ending 
with h i s  executing extremely t ense  and va r i ed  ope ra t ions ,  ;i:iich may a l t e r  t h e  
f ~ ~ n c t i o n a l  s t a t e  of  t h e  h igher  branches of t h e  c e n t r a l  nervous system [7]. 

F ina l ly ,  t h e r e  i s  some reevalua t ion  o f  t h e  r e s u l t s  of inves t iga t ions  
c a r r i e d  out  on t h e  ground o r  i n  t h e  e a r t h ' s  atmosphere with t h e  h e l p  of 
modeling f a c t o r s  of space f l i g h t .  This r e f e r s  mainly t o  s imulat ion of weight- 
l e s sness  i n  a i r c r a f t  ( f l i g h t  along a Keplerian parabola) .  I n  t h i s  case ,  
fo rces  a c t  on a human, which generate mul t id i r ec t iona l  acce le ra t ions  varying 
over s h o r t  time i n t e r v a l s .  Each new st imulus during g-loads o r  weightlessness 
is  superimposed on t h e  a f t e r e f f e c t s  of  t h e  preceding, and i t  is n a t u r a l  t h a t  
t h e  adaptat ion processes of an organism develop according t o  p r i n c i p l e s  o the r  
than  under condit ions o f  prolonged and permanently ac t ing  weightlessness,  

The following f a c t s  r e l a t e d  t o  t h e  funct ion  of t h e  v e s t i b u l a r  apparatus 
i n d i c a t e  how important it i s  t o  consider  t h e  per iod  o f  t h e  a f t e r e f f e c t s  of 
s t i m u l i .  

This  author has  inves t iga ted  the  b i o e l e c t r i c  a c t i v i t y  of  t h e  sac rosp ina l  
muscles upon s t imula t ion  o f  t h e  v e s t i b u l a r  apparatus by a pulsed cu r ren t .  The 
period of t h e  a f t e r e f f e c t  of  the  s t imulus,  s i m i l a r  i n  value t o  threshold  
values,  continued f o r  more than a minute. A number of papers [7-9, 20-22, 301 
demonstratively i n d i c a t e  t h e  dura t ion  (up t o  100 sec)  of  t h e  course o f  pos t -  
r o t a t i o n a l  and op tok ine t i c  nystagmus, t h e  more c a r e f u l l y  t h e  i n v e s t i g a t i o n  
being conducted, t h e  more d i s t i n c t l y  t h e  s h i f t  i n  t h e  d i r e c t i o n  o f  nystagmus 
phases being revealed.  

The same phase tendency was discovered during sensory v e s t i b u l a r  reac-  
t i o n s  by M. D. Yemel'yanov with r e spec t  t o  t h e  i l l u s i o n  of r o l l i n g ,  and by 
0 .  M. Frenkel i n  cases of v e r t i g o  developing a f t e r  r o t a t i o n  [13]. I t  i s  
n a t u r a l  t h a t  such a phase tendency may leave a d e f i n i t e  imprint on t h e  na ture  
and d i r e c t i o n  of t h e  t o t a l  r eac t ion ,  if an a d d i t i o n a l  s t imulus is skyer-  
imposed. Therefore, t h e  cont radic tory  d a t a  obtained by Ye. M. Yuganov 1151 
and Jackson [29] while inves t iga t ing  t h e  funct ion of t h e  v e s t i b u l a r  apparatus 
i n  man during f l i g h t s  along a Kepler t r a j e c t o r y  a r e  not  acc identa l .  The f i r s t  
e s t ab l i shed  prolongation o f  p o s t r o t a t i o n a l  nystagmus of  t h e  t e s t  s u b j e c t ,  and 
t h e  second, using a s t ronger  s t imulus (Cor io l i s  acce le ra t ion )  and t h e  tech-  
nique of  photonystagmography i n  i n f r a r e d  l i g h t ,  displayed no v a r i a t i o n s  of 
n y s t a p u s  r eac t ions .  



Consequently, t h e  r e s u l t s  of ground experiments with momentary v a r i a t i o n  
o f  g r a v i t a t i o n a l  forces  cannot be extended t o  prolonged weightlessness without 
t h e  proper  s t i p u l a t i o n s  and extens ive  ana lys i s  c l  ihe f a c t s  obtained.  

Taking i n t o  account t h e  foregoing, t h e  author  o f  t h i s  r e p o r t  decided t o  
touch on c e r t a i n  problems of  inves t iga t ing  t h e  analyzer  funct ibn of  a s t r o -  
n a u t s  during o r b i t a l  ' f l i g h t  and t o  summarize t h e  r e s u l t s  of ground-based 
experiments c a r r i e d  out with t h e  aiinjof analyzing d a t a  o f  space research .  

The Vestibular Analyzer 

A s  we know, G.  S. Ti tov was t h e  f i r s t  t o  give a r a t h e r  thorough ana lys i s  
of t h e  unpleasant  sensa t ions  which he experienced during h i s  seventh o r b i t  and 
which were s i m i l a r  t o  t h e  v i b r a t i o n  syndrome. The leading s p e c i a l i s t s  o f  t h e  
country, i n  p a r t i c u l a r  o t o l a r y n g o l ~ g i s t s ,  were brought toge the r  t o  d i scuss  
t h i s  phenomenon. Thei r  opinion i s  r e f l e c t e d  t o  some degree i n  the  a r t i c l e  of 
G. L. Komendantov and V. I .  Kopanev [ lo ] .  The s p e c i a l i s t s  favored t h e  
ves t ibulo-vegeta t ive  syndrome, t h e  b a s i s  of which i s  t h e  accumulation of  
adequate s t imula t ion  of  t h e  v e s t i b u l a r  analyzer  i n  t h e  form of  i n e r t i a l  fo rces  
which produce Cor io l i s  acce le ra t ions .  

Measures were taken t o  prevent s i m i l a r  d i s rup t ions  i n  f u t u r e  a s t ronau t s  
by in t ens ive  and prolonged v e s t i b u l a r  t r a i n i n g .  On t h e  o t h e r  hand, t h e  p lan  
o f  o r b i t a l  f l i g h t s  included more extensive inves t iga t ions  of the  v e s t i b u l a r  
funct ion;  simultaneously, ground experiments were s e t  up on t h e  prolonged 
e f f e c t  on t h e  human organism of  fo rces  which a r e  r e l a t e d  pr imar i ly  t o  mul t i -  
d i r e c t i o n a l  complex acce le ra t ions  ( i n  p a r t i c u l a r ,  o f  C o r i o l i s  acce le ra t ion ) .  

The methods of  inves t iga t ing  t h e  v e s t i b u l a r  funct ion  during space f l i g h t  
envisioned study first  of a l l  those  r eac t ions  which a r e  s p e c i f i c  f o r  t h e  
v e s t i b u l a r  analyzer  (vestibulomotor r e f l exes  t o  a c c e l e r a t i o n  and t h e  equ i l -  
ibrium func t ion) .  A number of t e s t s  were employed f o r  t h i s  purpose which 
permi t ted  d i r e c t  and i n d i r e c t  evalua t ion  of t h e  e f f e c t  of  t h e  v e s t i b u l a r  
apparatus on t h e  tone of s k e l e t a l  muscles and coordinat ion of movements. One 
o f  t h e  models was t h e  eye with i t s  e x t r i n s i c  muscles -- t h e  motor a c t i v i t y  was 
s tud ied  with t h e  he lp  of an oculogram. A somewhat modified method of v e r t i c a l  
wr i t ing  [24] was employed and the  t e s t  of extended arms was'used. Moreover, 
handwrit ing [2, 111 and a l l  d i r e c t e d  movements of  t h e  as t ronaut  i n  executing 
f l i g h t  t a s k s  were subjec ted  t o  ana lys i s .  Special  a t t e n t i o n  was given t o  t h i s  
during t h e  e x i t  of A. Leonov from t h e  spaceship. 

Vegetative r eac t ions  unre la t ed  t o  v e s t i b u l a r  s t i m u l i  and a f t e r  combining 
o f  c e r t a i n  s t i m u l i  (head and trunk movements) were a l s o  recorded -- r e s p i r -  
a t i o n  and pu l se  r a t e  and t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  h e a r t  ( e spec ia l ly  t o  
v a r i a t i o n s  of t h e  R-R i n t e r v a l ) .  The method of determining the  e x c i t a b i l i t y  
o f  t h e  v e s t i b u l a r  apparatus with t h e  he lp  of ga lvanic  cu r ren t  was used f o r  t h e  
f i r s t  t ime on t h e  Voskhod spaceship.  The s t a t e  of  h igher  nervous a c t i v i t y  was 
evaluated from d a t a  of  electroencephalography [2] . 



The methods enumerated were supplemented by t h e  cosmonautsf eva lua t ion  o f  
t h e i r  own sensa t ions  a t  var ious  s tages  of work. The following was e s t a b l i s h e d  
a s  a  r e s u l t  of employing t h e s e  methods: t h e r e  were no expressed and prolonged 
nystagmus and asymmetry of  ocu la r  muscle tone i n  any of t h e  cosmonauts. 
S ign i f i can t  d i s rup t ions  of t h i n  coordinat ion of movements o r  dev ia t ions  o f  
ou t s t r e t ched  arms were a l s o  not  noted. The s lope  angles of v e r t i c a l  w r i t i n g .  
were contained wi th in  t h e  l i m i t s  of pre threshold  va lues  o f  t h e  curves of 
vest ibulometry.  

The ga lvanic  t e s t  c a r r i e d  out  by B. B. Yegorov d isc losed  t h e  same 
ind ica to r s  a s  those  on t h e  ground. Regis t ra t ion  of t h e  enumerated v e g e t a t i v e  
r eac t ions  made i t  poss ib le  t o  expla in  c e r t a i n  s h i f t s  i n  t h e  a c t i v i t y  o f  t h e  
cardiovascular  system, but  un re la t ed  t o  s t imula t ions  of  t h e  v e s t i b u l a r  
analyzer .  E s s e n t i a l l y  no d i r e c t  proof of  v a r i a t i o n s  i n ' t h e  e x c i t a b i l i t y  of 
t h e  v e s t i b u l a r  apparatus was obtained.  The main grounds f o r  c r e a t i n g  va r ious  
hypotheses were sub jec t ive  sensa t ions .  

Before h i s  f l i g h t ,  G .  S. Ti tov was q u a l i f i e d  a s  r a t h e r  s t a b l e  i n  t h e  
v e s t i b u l a r  sense,  and f a m i l i a r i z a t i o n  f l i g h t s  along t h e  Kepler parabola d i d  
not  e l i c i t  any unpleasant  sensa t ions  i n  him. A high v e s t i b u l a r  s t a b i l i t y  was 
achieved a f t e r  prolonged v e s t i b u l a r  t r a i n i n g .  Despite t h i s ,  during o r b i t a l  
f l i g h t  t h e  cosmonaut experienced a number of unpleasant  sensat ions r e l a t e d  t o  
t h e  funct ion  of t h e  vege ta t ive  nervous system. Summary d a t a  on t h e  v e s t i b u l a r  
t r a i n i n g  o f  B.  B. Yegorov and K .  P.  Feoktis tov e s s e n t i a l l y  hardly  d i f f e r e d  
from t h e  d a t a  o f  V. M. Komarov - -  t h e  time of recovery of  equil ibr ium on an 
uns table  platform was 5, 3, 4 and 3 sec  [ 6 J .  The time of  withstanding t h e  
accumulation of Cor io l i s  acce le ra t ion  f o r  B .  B .  Yegorov and V .  M. Komarov was 
11 and 12 min. Tnus, a l l  t h r e e  cosmonauts of t h e  Voskhod were adequately 
t r a ined  f o r  v e s t i b u l a r  s t imula t ions .  

B .  B. Yegorov descr ibes  very unusual i l l u s i o n s  during f l i g h t  which he 
could not  i n t e r p r e t  from t h e  aspect  of t h e  unf i tness  of t h e  v e s t i b u l a r  
analyzer  func t ion ,  which had repeatedly  been emphasized t o  him. Consequently, 
desp i t e  t h e  presence of i l l u s o r y  sensa t ions  i n  B. B .  Yegorov and K .  P .  Feok- 
t i s t o v ,  i t  i s  no t  poss ib le  t o  make any conclusions about t h e  vestibule- 
vegeta t ive  def ic iency of  t h e  cosmonauts. 

Moreover, corresponding ca lcu la t ions  ind ica ted  t h a t  poss ib le  C o r i o l i s  
acce lera t ions  during weightlessness,  which a r e  t h e  r e s u l t  of sh ip  r o t a t i o n s  - /9 
around i t s  axis  o r  of the  e a r t h  and simultaneously of  movements of t h e  cosmo- 
naut (head and t runk) ,  a r e  s i g n i f i c a n t l y  l e s s  than t h e  threshold s t imula t ions  
of t h e  v e s t i b u l a r  apparatus.  Consequently, it i s  not poss ib le  t o  t a l k  about 
accumulation of  v e s t i b u l a r  s t imula t ions .  

Ground experiments1 on t h e  e f f e c t  of prolonged r o t a t i o n s  (up t o  seven 
days) on man i n  combination with measured amounts of Cor io l i s  acce le ra t ions  
d isc losed  the  leading r o l e  of indiv idual  to lerance .  



~ o r k o v e r ,  a very important f a c t  was noted : preliminary investigation of 
the  vest ibular  function i n  t e s t  subjects by methods known i n  otorhinolaryng- 
ological  examination did  not  permit prognosis of the  s t a t e  during ro ta t ion ,  
The charac te r i s t i cs  of an organism's adaptation t o  t h i s  type of e f f ec t  were 
determined by t he  exc i t ab i l i t y  of the  vest ibular  apparatus and by t he  func- 
t iona l  s t a t e  of physiological systems t o  which the  ves t ibu la r  re f lexe i  were 
transmitted,  This i s  expressed very c lea r ly  with respect  t o  the  cardio- 
vascular system -- hemodynamic s h i f t s  were strongly expressed i n  persons with 
vascular l a b i l i t y  a t  normal thresholds of ves t ibular  s e n s i t i v i t y .  Regulation 
of the  e f f ec t  of the  ves t ibu la r  analyzer with various physiological systems 
depended on t he  prevalence of the  tone of t he  sympathetic o r  parasympathetic 
nervous system, In t he  second case t he  adaptational c apab i l i t i e s  of t h e  
organism were very l imited,  

Upon completion of ro ta t ion ,  t h e  contrast  appeared among comparatively 
s t ab l e  ves t ibular  reactions during employment of specia l  t e s t s ,  thresholds 
of ves t ibular  s e n s i t i v i t y  according t o  the  data  of so-called cupulometry 
and disorders of g a i t  and equilibrium. The impression formed was t h a t  
the  centra l  regulatory mechanisms of the  s t a tok ine t i c  analyzer system are  
primarily affected.  

Thus, it was de f in i t e ly  concluded t ha t  prolonged ro ta t ion  i n  i t s e l f  and 
i n  combination with Coriolis  accelerations i s  a stimulus, the  e f fec t  of which 
on an organism i s  determined by the  s t a t e  of various physiological systems and 
t h e i r  in te rac t ion ,  which a l so  determines adaptation mechanisms i n  the  f i n a l  
analysis .  

The r e s u l t s  of observations of cosmonauts during f l i g h t  and experiments 
may be generalized. 

1, Adequate ves t ibu la r  st imulations i n  t he  form of r e c t i l i n e a r  and 
angular accelerations during o r b i t a l  f l i g h t s  are  almost nonexistent during 
weightlessness. Coriolis  accelerations may develop per iodical ly ,  but  upon 

110 - 
comparison with threshold values f o r  ground conditions [25-271 they a re  tens 
of times l e s s ,  i . e ,  they a re  f a r  beyond the l i m i t s  of the  physiological 
capab i l i t i e s  of a human sensing them. 

2, Objective methods se,lected t o  invest igate  the  vest ibular  function 
during f l i g h t  disclosed no var ia t ions  of t h e  exc i t ab i l i t y  of the  ves t ibu la r  
analyzer. 

3,  The cosmonauts were prepared by ves t ibu la r  t ra in ing  t o  spec i f i c  
standards of s t a b i l i t y  provided f o r  i n  the t ra in ing  program. A t  a given s tage 
of mastering space, t h e  problem of sending cosmonauts with a varying degree of 
s t a b i l i t y  of t h e  ves t ibu la r  analyzer, and even more so with an i n f e r i o r  
ves t ibular  function, i n t o  space f l i g h t  was not assigned, because the  f l i g h t  
program included r e l i a b l e  invest igat ions ,  

4. Adaptation t o  Coriolis  accelerations,  t o  which pr incipal  s ignif icance 
i s  imparted i n  t h e  development of vestibulo-vegetative disorders during space 



f l i g h t ,  is  i n  f a c t  determined not only and not so  much by t he  a c t i v i t y  of 'the 
ves t ibu la r  analyzer, a s  it is  by t he  in te rac t ion  of afferent  systems. 

Thus, it i s  apparently impossible t o  regard t he  analyzer function of 
cosmonauts i n  o r b i t a l  f l i g h t  simply through t he  prism of t he  ves t ibu la r  
apparatus, and t o  l i nk  the  "vibration" syndrome t o  i t s  dysfunction. Moreover, 
physiology i s  disposed t o  f a c t s  which indicate  t he  pos s ib i l i t y  of producing 
vegetative disorders and i l l u so ry  sensations upon emulation of any of the  
sense organs. This i s  a l so  confirmed by space f l i g h t  i t s e l f  -- optokinetic 
s t imul i  in tens i fy  vegetative displacements when following objects outside t he  
cockpit . 

The Motor Analyzer 

The papers of V ,  I .  Yazdovskiy, I. I .  Bryanov e t  a l .  [18], A. I .  Man- 
tsvetova,  and I .  P.  Neumyvakin e t  a l .  [ I l l  indicated that  under conditions of 
b r i e f  weightlessness there  i s  comparatively rapid  adaptation of the motor 
analyzer and recovery of coordination of  movements. I t  i s  obvious t ha t  during 
o r b i t a l  f l i g h t s  l a s t i ng  up t o  14 days, astronauts experience no apparent 
d i f f i c u l t i e s  i n  executing motor ac t s .  A t  l e a s t  t he  a c t i v i t y  of p i lo t ing  t he  
ship ,  making note's i n  the  f l i g h t  log and carrying out ce r ta in  addit ional  
movements (photography) did not vary s ign i f ican t ly .  As.sumptions about a 
decrease of proprioceptive a f fe ren ta t ion  expressed by many invest igators  a r e  
not without foundation, but were a l so  not confirmed experimentally. 

I .  T. Akulinichev, M,  D. Yemeliyanov and'D. G. Maksimov [I] investigated 
the  motor a c t i v i t y  of the  eyes with t he  help of electro-oculograms of the  - /I1 
cosmonauts i n  f l i g h t .  The authors f e l t  t h a t  t he  eyeball with i t s  transverso- 
s t r i a t e d  musculature i s  an excel lent  model t o  study t he  processes of develop- 
ment of motor ref lexes  during weightlessness. 

Analysis of the  electro-oculograms of A. G. Nikolayev, P .  R. Popovich, 
V. F. Bykovskiy and V. V. Tereshkova indicated t h a t  none of them during t h e i r  
three-to-five-day s t ay  i n  a s t a t e  of weightlessness experienced any pers i s ten t  
disruptions of eye movement coordination. Obviously, adaptat ion of  the  motor 
analyzer i s  r a the r  act ive .  Moreover, a deep understanding of t h i s  process 
requires more refined and complete methods of recording t he  motor a c t i v i t y  of 
the  eyes and coordination ac t s  during space f l i g h t .  I t  i s  not excluded 
t ha t  t h e  absence of expressed disruptions i n  t he  function of t h e  motor 
analyzer i s  caused by t h e  r e s t r i c t i o n  i n  t he  motions of the  cosmonauts, 
reaching a s t a t e  of automatic performance during t ra in ing  f o r  e s sen t i a l  work 
operations, and a l so  by t h e  comparatively b r ie f  s t a t e  of weightlessness. 
American invest igators ,  f o r  example, f e e l  tha t  sharpness of v is ion and 
d i s t i nc t i on  of brightness vary due t o  t he  high degree of immobility of t he  eye 
ciuring weightlessness. 

The problem of analyzer in te rac t ion  i s  one of the most important i n  space 
medicine. M ,  D, Yemeltyanov, V, V, Baranovskiy and A .  G, Kuznetsov [4] 
studied the  charac te r i s t i cs  of the  in te rac t ion  of  t h e  op t i ca l ,  ves t ibu la r  and 



motor &alyzers with respect  t o  space f l i g h t  conditions, The invest igat ions  
made it possible,  i n  our .opinion, t o  explain t he  following important posi- 
t ions .  

1, Since analysis  of the  s p a t i a l  re la t ionships  of man with surrounding 
objects  is t o  a s ign i f ican t  degree formed during t he  process of ontogenesis, 
there  a re  no doubts whatever about t h e  f a c t  t ha t  t h i s  process i s  accomplished 
by conditioned re f lex  mechanisms of various degrees of complexity (synthetic,  
conditioned chain ref lexes ,  stereotyping, e t c . ) ,  In connection with t h i s ,  
s p a t i a l  i l l u s i o n s  a re  comparatively eas i ly  produced when conf l ic t ing s i t u -  
a t ions  a r e  created during perception of t h e  g rav i ta t iona l  and visual  
conditioned r e f l ex  v e r t i c a l .  Such conf l i c t s  are  created i n  t he  case when man 
i s  deprived of t h e  pos s ib i l i t y  of maintaining s t a t i c  postures,  is  i n  a s t a t e  
of unstable equilibrium and a t  the  same time is  deprived of the  pos s ib i l i t y  of 
f ix ing h i s  eyes on immobile visual  objects,  i . e ,  we a re  speaking here about 
disorder of the  s t a tok ine t i c  ref lexes  which cannot be corrected by vis ion.  
I l lus ions  i n  such cases become especial ly v iv id  and continue f o r  a prolonged* 
period. 

2, Under known conditions of t h e  experiment, besides t o t a l  disruption of 
s p a t i a l  o r ien ta t ion  and disordered motor react ion (with loss  of equilibrium), 
the  t e s t  subject  develops expressed vegetative disorders,  s imilar  t o  those - / I 2  
observed during f l i g h t  along a Kepler parabola o r  possible i n  astronauts 
i n  a s t a t e  of prolonged weightlessness. I t  i s  obvious t ha t  i n  a given case we 
a r e  not t a lk ing  about c l a s s i ca l  v ibrat ion,  but about a unique disorder of t h e  
system of complex synthet ic  condi.tioned re f lexes ,  which provide o r ien ta t ion  of 
man in  space. This i n  turn  leads t o  disruption of the  regulatory mechanism of 
physiological processes from the  aspect of t he  vegetative nervous system, 
Such great  demands a r e  made of t he  l a t t e r ,  under conditions of analyzer 
function disrupt ions ,  t ha t  i t s  own type of vegetative c r i s e s ,  o r  vegetative 
neuroses develop. 

3 ,  Interact ion of the  analyzers may proceed according t o  a decrease by 
two-three times of the  thresholds of sensory and vegetative re f lexes ,  inherent 
t o  the  ves t ibu la r  o r  op t ica l  analyzer. Moreover, t he  e x c i t a b i l i t y  of the  
ves t ibu la r  apparatus may not be a l t e red .  Alleviat ion of transmitt ing exci t  a- 
t i o n  occurs somewhere along t he  t r a c t  of t h e  r e f l ex  arch,  I t  i s  possible t ha t  
t he  leading r o l e  i n  such cases, i n  t he  sense of t h e  appearance of vestibulo- 
vegetative ref lexes ,  is  played by t he  functional  s t a t e  o f . t h e  e f f ec to r  organ, 
f o r  example, of the  organ or peripheral  vessels  (see Galle, i n  t h i s  collec- 
t i o n ) ,  An apparent e f f ec t  on ves t ibu la r  ref lexes  is exerted by the  nature of 
proprioceptive a f fe ren ta t ion  -- inh ib i t ion  takes place during s tab le  muscular 
s t r e s se s  (eye f ixa t ion ,  s t r e s s  of t he  ske l e t a l  muscles), On the  other  hand, 
involuntary disordered and prolonged a c t i v i t y  of the  eyes, and balancing of 
t he  t e s t  subject  on an unstable platform r e s u l t s  i n  t he  opposite e f f e c t ,  

4. I l lus ions  of the  s p a t i a l  posi t ion a re  undoubtedly co r t i c a l  processes. 
Everything which contributes t o  generalization of co r t i c a l  st imulation intens- 
i f i e s  t h i s  phenomenon, On the  other  hand, i l l u s ions  and accompanying vegeta- 
t i v e  ref lexes  may be suppressed with the help,  f o r  example, chloral  hydrate,  



There are  adequate conditions during space f l i g h t  f o r  disrupting t he  
f 

a c t i v i t y  o f  the  s p a t i a l  analyzer system, but t h e  forms i n  which t h i s  disrup- 
t ion  appears may be varied.  The s t a t e  of t h e  higher branches of t he  cen t ra l  
nervous system should be regarded as  t h e  common or ig in  f o r  a l l  disruptions of 
the  analyzer function. Obviously, t h e  reasons which lead t o  predominance of 
t h e  st imulating processes i n  t h e  cerebral  cortex enhance development of 
i l lusory  sensations and vegetative disorders.  

Thus, the  adaptive mechanisms of man, which a r e  oriented toward main- 
ta ining t h e  analyzer function during space f l i g h t ,  w i l l  be determined f i r s t  of 
a l l  by t h e  s t a t e  of t he  higher branches of the  cen t ra l  nervous system. Hence, 
it i s  na tura l  t ha t  problems of  t r a in ing  astronauts cannot lead only t o  
ves t ibu la r  t ra ining,  but t he  functional  charac te r i s t i cs  of o ther  analyzers - / I 3  
must be taken i n to  account. I t  i s  important t o  t r a i n  a system of  analyzers. 
Selection,  then, should provide f o r  many sided study of t he  higher nervous 
a c t i v i t y  o f  astronaut candidates. 

REFERENCES 

1. Akulinichev, I. T., M. D. Yeme19yanov and D. G. Maksimov, Izv. AN SSSR, 
Ser iya  BioZ,, No. 2, p. 274, 1965. 

2. Altukhov, G. V. ,  P. V. Vasil'yev, V. Ye. Belay and A. D. Yegorov, Izv. AN 
SSSR, No. 2, p. 182, 1965. 

3. Altukhov, G. V. ,  A. I. Mantsvetova and I. P. Neumyvakin, Zh. Vyssh. Nemn. 
Deyat., Vol. 15, No. 5, p. 364, 1965. 

4. Baranovskiy, V. V.,  M. D. Yemel'yanov and A. G.  Kuznetsov, Zh. Vyssh. 
' Nervn. Deyat., Vol. 12, No. 6, p. 1001, 1962. 
5. Yemel vyanov, M. D. and A. G.  Kuznetsov, Vestn. OtorinoZaringoZogii, No. 3, 

p. 35, 1962. 
6. Yemel'yanov, M. D . ,  I .  A. Sidelqnikova and 0. N. Vasil'yev, Voyenno-Med. 

Zh., No. 10, p. 25, 1961. 
7 .  Kislyakov, V. A. ,  "On Conditioned Reflexes f o r  Prolonged Reactions 

Developing During Rotation of Animals," candidate's d i s se r ta t ion ,  
Leningrad, 1953. 

8. Kislyakov, V. A., Zh. Vyssh. Nervn. Deyat., Vol. 6, No. 3 ,  p. 438, 1956. 
9. Kislyakov, V. A . ,  FizioZ. Zh. SSSR, Vol. 43, No. 1, #p. 271, 1957. 

10. Komendantov, G. L. and V. I .  Kopanev, ProbZemy Kosmzcheskoy BioZogii, 
Vol. 2, p. 80, 1962. 

11. Mantsvetova, A. I . ,  I .  P. Neumyvakin', V. F. Orlova, V. A. Trubnikova and 
I. M. Freydberg, Kosmicheskiye IssZecbvaniya, Vol. 2 ,  p. 4, 1964. 

1 2 .  Frenkel , 0. M. , ProbZemy Fiziozogi i  i PatoZogii Organov Chuvstv [Problems 
of  t h e  Physiology and Pathology of t he  Sense Organs], p. 121, 1936. 

13. Frenkel, 0. M.,  ByuZZ. Vses. Eksperim. Med., No. 6 ,  p. 28, 1936. 
14. Chkhaidze, L. V. ,  ProbZemy Kosmicheskoy ~ i o z o g i i ,  Vol. 1, p.  438, 1962. 
15. Yuganov, Ye. Me, ProbZemy Kosmicheskoy BioZogii, Vol. 4, p. 54, 1956. 
16. Yuganov, Ye. M. and A. I .  Gorshkov, ProbZemy ~osmicheskoy ~ i o z o g i i ,  

Vol. 3, p. 167, 1964. 
17. Yazdovskiy, V. I . ,  G .  V, Altukhov, V. Ye. Belay and A. D. Yegorov, Izv. AN 

SSSR, S e ~ i y a  BioZ., No. 2, 1964. 



18.  Yazdovskiy, V. I , ,  I .  I ,  Bryanov, L ,  I .  Kakurin, Yu. V .  Ksylov and 
M ,  A. Cherepakhin, Aviatsionnaya i Kosmicheskaya Meditsina [Aviation and 
Space Medicine], p.  507, Moseow, 1963. 

19 .  Yazdovskiy, V .  I . ,  I .  I .  Kastyan and V. I .  Kopanev, ProbZemy Kosmicheskoy 
BioZogii, Vol. 3, p ,  37, 1969. 

20. Aschan, G . ,  Acta Oto-LaryngoZ., Supplement Vol. 140, pp. 69 and 79, 1958. 
21. Aschan, G . ,  Laryngoscope, Vol. 67, No. 12, p .  1233, 1958. 
22. Fukuda, T., Acta Oto-Laryngol., Vol. 48, pp. 5-6 and 425, 1957. 
23. Fukuda, T . ,  Acta Oto-LaryngoZ., Vol. 50, No. 2, p.  95, 1959. 
24. Fukuda, T . ,  M.  Hipoki and T. Tokita ,  Acta Oto-LaryngoZ., Vol. 49, No. 6 .  

p. 467, 1958. 
25 .  Gray, K . ,  Aerospace Med. , Vol. 31, No. 5 ,  1960. 
26. Guedry, F. E . ,  J. Gen. Psychol . ,  Vol. 43, p .  313, 1950. 
27. Guedry, F. E . ,  J. AppZ. PhysioZ., Vol. 16, p .  2, 1961. 
28. Guedry, F. and E.  Montague, Aerospace Med., Vol. 32, No. 6 ,  p .  487, 1961. 
29. Jackson, M . ,  Aerospace Med., Vol. 36, No. 2, p. 150, 1965. - / I 4  
30. Jayk, M. C . ,  M. F. Medigan and F. C .  Ormerod, Ann. Otol., Rhinol. and  

LaryngoZ. , Vol. 66, No. 2 ,  1957. 
31. Jone, O . ,  Avia. Week and Space TechnoZ., Vol. 83, No. 9 ,  p .  51, 1965. 
32. Ormerod, F. C . ,  J. Laryngol. and OtoZ., Vol. 74, No. 9,  p .  65a, 1960. 



VAWlATiON OF THE EhECTRlCAL ACTIVITY OF THE BRAIN OF 
A N I M A L S  AND MAN UPON STIMUbATlON OF THE V E S T I B U L A R  

APPARATUS 

V .  6. Samsonova 

ABSTRACT, The e f f e c t  of v e s t i b u l a r  and l i g h t  s t imu la t ions  
on r eac t ion  of s i n g l e  neurons i n  the  v isua l  co r t ex  of t he  
f r o g ,  t o t a l  a c t i v i t y  of d i f f e r e n t  regions of the  bra in  and 
r eac t ion  of a s s i m i l a t i n g  the rhythm of l i g h t  f l a s h e s  i n  
animals and man a r e  s t u d i e d ,  I so la ted  and mul t ip l e  s t im-  
u l a t i o n  of the v e s t i b u l a r  and v isua l  ana lyzers  reveal a  c l o s e  
func t iona l  r e l a t i o n s h i p  between them. 

This r e p o r t  p re sen t s  experimental d a t a  o f  t h e  Laboratory of Analyzer - / I 4  
Physiology, I n s t i t u t e  of  Higher Nervous A c t i v i t y  and Neurophysiology of  t h e  
USSR Academy of  Sciences,  ob ta ined  during s tudy  of t h e  e l e c t r i c a l  a c t i v i t y  of 
c e r t a i n  reg ions  o f  t h e  b r a i n  of animals and man under condi t ions  of  stimu- 
l a t i o n  of t h e  v e s t i b u l a r  system, The b i o p o t e n t i a l s  of s i n g l e  c e l l s  o f  t h e  
o p t i c a l  c e n t e r ,  t o t a l  e l e c t r i c a l  a c t i v i t y  o f  var ious  reg ions  of  t h e  b r a i n ,  and 
r e a c t i o n  of a s s i m i l a t i o n  o f  l i g h t  f l a s h i n g  rhythms by t h e  b r a i n  were 
inves t iga t ed .  

Reaction o f  t h e  neurons o f  t h e  o p t i c a l  c e n t e r  t o  i s o l a t e d  s t i m u l a t i o n  of  
t he  v e s t i b u l a r  and o p t i c a l  systems, and upon t h e i r  simultaneous s t i m u l a t i o n ,  
was s tud ied  i n  t h e  f rog  Rana temporaria, immobilized by tubocurar ine ,  Drawing 
o f f  of t h e  p o t e n t i a l s  is e x t r a c e l l u l a r  and i s  accomplished by g l a s s  micro- 
p i p e t t e s  l e s s  t han  0 .5  p i n  diameter and f i l l e d  with a  3-molar concen t r a t ion  
o f  KC4 .  S t imula t ion  of  t h e  v e s t i b u l a r  system i s  c a r r i e d  ou t  by t h e  thermal  
method f o r  3-5 min. A Sylvania  f l a s h  lamp wi th  an average pulse  i n t e n s i t y  o f  
L O O  msec was used f o r  l i g h t  s t imu la t ion .  Responses of two types of 
neurons -- t hose  having spontaneous a c t i v i t y  and t h e  so -ca l l ed  s i l e n t  
c e l l s  -- were i n v e s t i g a t e d .  

I s o l a t e d  s t i m u l a t i ~ n  o f  t h e  v e s t i b u l a r  apparatus  e l i c i t e d  a  s i g n i f i c a n t  
v a r i a t i o n  of  t h e  e l e c t r i c a l  a c t i v i t y  i n  t h e  ma jo r i t y  of spontaneously a c t i v e  
u n i t s  of t h e  f r o g  tectum compared w i t h , t h a t  of background a c t i v i t y .  The 
e f f e c t  of  a l l e v i a t i o n  was observed i n  p a r t  o f  t h e  c e l l s  o f  t h i s  t ype  - -  t h e  
frequency of  d i scharges  increased  p rog res s ive ly  a s  t h e  per iod  of s t i m u l a t i o n  
of  t h e  v e s t i b u l a r  system was lengthened (Figure l a ) ,  The o t h e r ,  g r e a t e r  p a r t  
of t h e  elements responded t o  such s t imu la t ion  by i n h i b i t i o n  of  a c t i v i t y ,  
expressed by a  gradual  decrease  i n  t h e  frequency o f  impulses i n  p ropor t ion  t o  
s t imu la t ion  (Figure l b ) .  Tota l  i n h i b i t i o n  o f , t h e  d ischarges  was observed 
i n  some neurons. Af t e r  cur ta i lment  of  s t imu la t ion ,  t h e  frequency o f  impulses 
re turned  g radua l ly  t o  t h e  i n i t i a l  l e v e l .  Only a  small  p a r t  o f  t h e  spontane- 
ous ly  a c t i v e  c e l l s  d id  not  r e a c t  t o  s t imu la t ion  of t h e  v e s t i b u l a r  appara tus .  



The reac t ion  of  t h e  same spontaneously 
a c t i v e  u n i t s  t o  i s o l a t e d  l i g h t  and 
ves t ibu la r  s t i rnulat ion was a typ ica l  and 
o f t e n  cont radic tory .  Figure 2 shows a  
histogram of neuron discharges,  i n  which 
t h e  l i g h t  s igna l  increased t h e  frequency of 
~ u l s e  a c t i v i t v ,  and v e s t i b u l a r  s t imula t ion  

100 msec 
Figure 2 .  Frequency Dis t r ibut ion  of 

Figure 1 .  Spontaneously Active Discharges i n  a  Spontaneously Active 
Neurons of t h e  Optical Center rectal  Cell Upon Isolated Stimulation 
of a  Frog Responding t o  tsol-  of Optical and Vestibular Systems. 
a t e $  Stimulation of the  Vestib- a ,  Light; b, Vest ibular  s t imula t ion;  
u l a r  System, a ,  In tens i f i ca -  c ,  Discharge frequency f o r  500 msec 
t ion  of discharge frequency; 
b, Inhibi t ion  of e l e c t r i c a l  
a c t i v i t y ;  1 ,  Impulse a c t i v i t y  Simultaneous s t imula t ion  of t h e  
of ce l l  before s t imula t ion;  ves t ibu la r  and o p t i c a l  analyzers  c l e a r l y  
2 ,  Impulse a c t i v i t y  of c e l l  revealed t h e i r  c lose  funct ional  r e l a t i o n -  
during st imulat ion of t h e  sh ip ,  Responses of t h e  majori ty o f  spon- 
ves t ibu la r  apparatus taneously a c t i v e  t e c t a l  c e l l s  t o  l i g h t  

s t imula t ion  were s i g n i f i c a n t l y  a f fec ted  by 
t h e  v e s t i b u l a r  system. This was evident i n  

t h e  v a r i a t i o n  of discharge frequency and t h e  l a t e n t  period of t h e  response t o  
t h e  l i g h t  s i g n a l  i n  the  case when it was present  i n  t h e  background of  
prolonged s t imula t ion  of t h e  v e s t i b u l a r  apparatus. 

Light s t imula t ion  a lso  a f fec ted  t h e  e l e c t r i c a l  a c t i v i t y  of  the  neurons 
a l t e r e d  by v e s t i b u l a r  s t i m u l i ,  I t  i s  s i g n i f i c a n t  t h a t  i n  our experiments we 
o f t en  encountered neurons i n  which l i g h t  s t imula t ion  removed i n h i b i t i o n  of t h e  
a c t i v i t y  caused by s t imula t ion  of t h e  v e s t i b u l a r  apparatus.  Figure 3 shows 
two such neurons, I t  i s  obvious t h a t  s i g n i f i c a n t  i n h i b i t i o n  of discharges i n  



one o f  t h e  c e l l s  and t o t a l  i n h i b i t i o n  i n  t h e  o t h e r  caused by s t i m u l a t i o n  of 
t h e  v e s t i b u l a r  system was e l imina ted  by a  l i g h t  s t imulus .  Only s i n g l e  
spontaneously a c t i v e  c e l l s  d i d  no t  a l t e r  t h e i r  r e a c t i o n  t o  l i g h t  upon a d d i t i o n  
of v e s t i b u l a r  s t i m u l a t i o n ,  

I' ,-, Close func t iona l  i n t e r -  
r e l a t i o n s  between o p t i c a l  and 
v e s t i b u l a r  ana lyzers  a t  t h e  

1 neuron l e v e l  were a l s o  revea led  
i n  r ecen t  years  i n  warm-blooded 
animals.  P o l a r i z a t i o n  o f  t h e  
l aby r in th  i n  c a t s  caused a  
s i g n i f i c a n t  v a r i a t i o n  i n  t h e  
frequency o f  d i scha rges  of  t h e  
spontaneously a c t i v e  u n i t s  of 

2 t h e  o p t i c a l  c e n t e r  [7-91. 

However, i n  d i s t i n c t i o n  from 
r e s u l t s  o f  our  experiments,  
according t o  t h e  d a t a  o f  a  
number of i n v e s t i g a t o r s ,  s t i . m -  
u l a t i o n  of t h e  v e s t i b u l a r  
apparatus  was u s u a l l y  accom- 

t panied by an i n t e n s  i f  i c a t  ion  i n  
t h e  ac t i ; i ty  of t h e s e  u n i t s .  
We s h a l l  dwell l a t e r  on t h e  
p o s s i b l e  reasons f o r  d i sagree-  
ments i n  t h e  i n v e s t i g a t i o n s .  

Tec ta l  c e l l s  with a  
d i f f e r e n t  type  of  response:  
t h e  s i l e n t  c e l l s ,  i . e .  those  

Figure 3 .  Reaction of Two Spontaneously not  having spontaneous a c t i v -  
Active Neurons (a and b) t o  Combined i t y ,  behave d i f f e r e n t l y .  They 
St imulat ion of t h e  Optical and Ves t ibular  d id  no t  r e a c t  t o  i s o l a t e d  
Systems. 1 ,  Up t o  t h e  arrow i s  background s t imu la t ion  o f  t h e  v e s t i b u l a r  
a c t i v i t y ,  and a f t e r  t he  arrow i s  reac t ion  apparatus ,  and responded only 
t o  i so l a t ed  l i g h t  s t imu la t ion ;  2 ,  Up t o  t h e  t o  a  l i g h t  f l a s h .  Uni t s  which 
arrow i s  a c t i v i t y  upon i so l a t ed  s t imula-  adapt r a p i d l y  ( those  responding 
t i o n  of t h e  v e s t i b u l a r  appara tus ,  and i n  a  s h o r t  b u r s t  o f  d i scharges)  
a f t e r  t he  arrow i s  a c t i v i t y  upon combined d i d  not  r e a c t  a t  a l l  t o  
s t imula t ion  of both systems. The arrow i s  a d d i t i o n a l  s t imu la t ion  of  t h e  
the  beginning of l i g h t  s t imula t ion .  v e s t i b u l a r  system t o  l i g h t  

s t imu la t ion  (Figure 4a) ,  and 
only  i n  a  small  p a r t  o f  s lowly 

adapt ing neurons ( r e a c t i n g  t o  l i g h t  s t imu la t ion  i n  a  long b u r s t  of d i scharges)  
d i d  such an a d d i t i o n  lengthen t h e  l a t e n t  per iod  and sometimes dec rease  t h e  
number of d i scharges  i n  response t o  t h e  l i g h t  s t imulus  (Figure 4b) .  

We know t h a t  c e l l s  having spontaneous a c t i v i t y  predominate i n  t h e  o p t i c a l  
cen te r ;  t h e r e f o r e ,  f u n c t i o n a l  i n t e r r e l a t i o n s  of  t h e  o p t i c a l  and v e s t i b u l a r  - /18 



analyzers a re  apparently determined t o  a  great  extent by the  react ion of 
spontaneously act ive  ra ther  than of s i l e n t  neurons. 

100 msec 

Figure 4. Responses of 
S i len t  Tectal Cells to  
Combined Stimulation of 
Optical and Vestibular 
Systems. a ,  Absence of 
modified reaction of the  
c e l l  to  l igh t  upon a d d i -  
t ional st imulation of the 
vest ibular  apparatus; 
b ,  Modified reaction of the  
ce l l  upon additional stim- 
ulat ion of the  vest ibular  
analyzer; 1 and 2 ,  Same as 
i n  Figure 3 .  

Thus, the work of  d i f fe ren t  inves t iga tc r s  
on the  study of c e l l u l a r  a c t i v i t y ,  and a l so  t h e  
r e s u l t s  of our experiments c lea r ly  reveal  the  
c lose  functional  re la t ionships  of the  opt ical  
center with t he  ves t ibu la r  system a t  t he  neuron 
leve l .  Cellular  a c t i v i t y  of t he  higher 
branches of t he  op t ica l  analyzer is under the  
d i r ec t  o r  medium, but s ign i f ican t  influence of 
e f f ec t s  issuing from the  vest ibular  system, 
which i n  tu rn  a re  regulated by processes 
developing i n  t h e  op t ica l  center upon l i g h t  
st imulation.  

General desynchronization of t o t a l  
e l e c t r i c a l  a c t i v i t y  of the  human and animal 
bra in ,  caused by st imulation of the  ves t ibu la r  
apparatus, has long been known [2-4,  6, 111; 
however, only application of t he  methods of - / I9  
automatic analysis  of electroencephalograms 
(EEG) has made i t  possible t o  reveal t h e  t r ue  
nature of the  var ia t ion  i n  frequency components 
of t h e  EEG during t h i s  st imulation.  

I t  was established i n  the paper of 
N. P .  Gordeyeva and V. A. I1 'yanko, conducted 
on r abb i t s  with electrodes implanted i n  the  
op t i ca l ,  p a r i e t a l  , motor and f ron t a l  regions 
of t h e  cerebral  cortex and i n  the  r e t i c u l a r  
formation of the  mesencephalon, t h a t  a  va r i -  
a t ion i n  the  electrocorticogram begins i n  a l l  
investigated regions of t h e  brain  upon auto- 
matic ro ta t ion  of wide-awake animals i n  a  
specia l ly  equipped Barani chair  (Figure 5 ) .  A 
decrease i s  observed i n  the  amplitudes of a l l  
frequencies from 6 Hz and higher. I t  i s  
expressed more sharply i n  the  range 6-14 Hz. 
The amplitude of low-frequency components of 
the  EEGincreases, as a  r u l e .  

In order t o  explain t he  re la t ionship  of the  var ia t ions  i n  t o t a l  elec- 
t r i c a l  a c t i v i t y  of t h e  brain  t o  the  nature of st imulation of the  ves t ibu la r  
apparatus, we have recent ly  conducted s imilar  research on rabbi ts  with 
c a l o r i f i c  st imulation of the  labyrinth.  According t o  preliminary data ,  the  
var ia t ion  i n  t he  EEG frequency spectrum upon such stimulation of the  labyr inth  
is s imilar  t o  t h a t  observed during ro ta t ion  of t he  rabb i t s ,  i . e .  the  ampli- 
tudes of average EEG frequencies decrease and low frequencies increase.  



Comparison of  t h e  d a t a  obtained upon r o t a t i o n  o f  animals and upon c a l o r i f i c  
s t imu la t ion  permi ts  u s  t o  cons ider  t h a t  s i m i l a r  v a r i a t i o n  s f  t h e  t o t a l  
e l e c t r i c a l  a c t i v i t y  o f  t h e  animal b r a i n  i s  indeed caused by s t i m u l a t i o n  of t h e  
v e s t i b u l a r  appara tus ,  S imi la r  v a r i a t i o n s  i n  t h e  EEG spectrum of  man were 
obta ined  upon s t i m u l a t i o n  o f  h i s  v e s t i b u l a r  system. M. P ,  Aronov [l] showed 
t h a t  when a  man i s  r o t a t e d ,  EEG suppression begins  i n  t h e  frequency range of 
5-20 Hz, and a  s i g n i f i c a n t  i nc rease  of it begins a t  lower f r equenc ie s .  I t  was 
important t o  c l a r i f y  with what such a  t r a n s f e r  o f  energy toward t h e  low- 
frequency components of  t h e  EEG i s  r e l a t e d  upon v e s t i b u l a r  s t i m u l a t i o n s :  
whether with displacement of  t h e  dominant rhythm o r  wi th  o t h e r  e f f e c t s .  
Spec ia l  experiments [1, 5, 101 showed t h a t  an inc rease  of low f r equenc ie s  owed 
i t s  o r i g i n  t o  supe rpos i t i on  onto t h e  EEG of t h e  electronystagmogram, caused by 
nystagmus synchronous i n  frequency wi th  t h e  low-frequency EEG components. 
This f a c t  makes it p o s s i b l e  t o  c a l c u l a t e  t h e  t r u e  v a r i a t i o n  o f  low f requencies  
of EEG upon v e s t i b u l a r  s t imu la t ions .  

1 1 1 1 1 1 1 1 1 1  1 1  1 1  1  

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 

frequency components of E E G ,  Hz 

Figure 5. Mean Deviation from Background (Assumed 
t o  Be 1 )  of E E G  Frequency Components Upon S t i m -  
u l a t i o n  of t he  Ves t ibu lar  Apparatus. 1 ,  Optical 
region;  2 ,  P a r i e t a l  region;  3 ,  Motor region;  
4, Ret i cu la r  format ion 

We a l s o  analyzed t h e  v a r i a t i o n  i n  t h e  func t iona l  s t a t e  of  d i f f e r e n t  
r e g i ~ n s  of  t h e  animal and human b r a i n ,  caused by v e s t i b u l a r  s t imu la t ion ,  
according t o  t h e  r e a c t i o n  of t h e  b r a i n  i n  a s s imi l a t ing  rhythms of  l i g h t  
f l a s h e s ,  which i s  a  more r e f ined  i n d i c a t o r  o f  t h e  func t iona l  s t a t e  o f  t h e  
b r a i n  than  i s  EEG v a r i a t i o n .  A "Sonneklyat" photos t imula tor  with a  



significantly weakened flash intensity was used for rhythmic light 
stimulation. 

Figure 6. Variation in Reaction of the Brain Assimilating Rhythms of bight 
Flashes upon Stimulation of the Vestibular Apparatus. A, Average data in 
rabbits; 8,  Experiment on a human, 28 July 1964; a and b, 6 and 8 rpm; an 
amplitude of EEG oscillations of 7 Ha without light flashes was assumed as 
unity; 1 ,  2, 3, 4 ,  Same as in Figure 5. 



According t o  t h e  da ta  of N. P.  Gordeyeva, reproduction by t h e  r a b b i t ' s  
b r a i n  of  t h e  rhythms -of l i g h t  f lashes  i n  t h e  background (before s t imula t ion  of 
t h e  v e s t i b u l a r  apparatus accomplished by r o t a t i n g  the  animal) was c l e a r l y  
expressed i n  t h e  o c c i p i t a l ,  p a r i e t a l ,  motor and f r o n t a l  regions of t h e  
cerebra l  cortex and i n  subcor t i ca l  formations; moreover, the  amplitude of the  
corresponding f l u c t u a t i o n  was g r e a t e r  i n  t h e  v i s u a l  cortex and r e t i c u l a r  
formation, and l e s s  i n  t h e  o the r  c o r t i c a l  zones. Stimulation o f  t h e  
v e s t i b u l a r  system caused a  c h a r a c t e r i s t i c  and s ign i f i can t  decrease i n  t h e  
amplitude of  t h e  assimilated rhythm through a l l  regions of t h e  b r a i n  during 
t h e  e n t i r e  period of r o t a t i n g  t h e  animal i n  t h e  Barani c h a i r  (Figure 6A). 

Similar  va r i a t ions  i n  t h e  r eac t ion  of the  b ra in  ass imi la t ing  t h e  rhythms 
of l i g h t  f l a s h e s  were obtained by V.  A .  I l 'yanko and u s  upon s t imula t ion  of  
t h e  v e s t i b u l a r  apparatus i n  man (Figure 6 B ) .  

These a r e  fundamental r e s u l t s  of the  work of the  Laboratory of Analyzer 
Physiology of t h e  I n s t i t u t e  of Higher Nervous Ac t iv i ty  and t h e  I n s t i t u t e  of 
Physiology of t h e  USSR Academy of Sciences on t h e  study o f  t h e  e f f e c t  of 
s t imula t ing  the  v e s t i b u l a r  apparatus of animals and man on t h e  e l e c t r i c a l  
a c t i v i t y  o f  t h e  v i s u a l  cen te r  and o the r  branches of  t h e  bra in .  - 122  

Thus, d a t a  of  a l l  t h e  inves t iga t ions  mentioned here ,  a s  wel l  a s  exper- 
imental da ta  presented i n  t h i s  paper, i n d i c a t e  without doub t ' t he  s i g n i f i c a n t  
v a r i a t i o n  of t o t a l  and pulse a c t i v i t y  of t h e  b r a i n  caused by s t imula t ion  of 
the  v e s t i b u l a r  system. 

I t  i s  necessary t o  note  c e r t a i n  discrepancies i n  t h e  r e s u l t s  obtained by 
d i f f e r e n t  i n v e s t i g a t o r s  -- according t o  t h e  da ta  o f  some, s i m i l a r  s t imula t ion  
causes i n h i b i t i o n ,  and according t o  o the r s  --  i n t e n s i f i c a t i o n  of e l e c t r i c a l  
a c t i v i t y .  Consideration of t h e  techniques used i n  the  d i f f e r e n t  papers 
ind ica tes  t h a t  t h i s  divergence i s  apparently caused f i r s t  of a l l  by t h e  
i n t e n s i t y ,  and a l s o  by t h e  nature  of s t imula t ing  the  labyr in th  -- weak 
s t imula t ion  of  it causes i n h i b i t i o n  of e l e c t r i c a l  processes,  and s t rong s t i m -  
u l a t i o n  causes them t o  increase .  

A s h i f t  i n  e l e c t r i c a l  a c t i v i t y  r e f l e c t s  a va r i a t ion  i n  t h e  funct ional  
s t a t e  o f  t h e  b ra in  which, according t o  t h e  da ta  of our experiments, survives 
f o r  t h e  e n t i r e  period of s t imula t ion  of t h e  v e s t i b u l a r  apparatus. This  v a r i -  
a t i o n  leads  t o  a  d e t e r i o r a t i o n  i n  physio logica l ly  normal a c t i v i t y  o f  both the  
v i s u a l  cen te r  and of o the r  regions of t h e  b r a i n  -- t o  a  phenomenon extremely 
undesirable when operat ing under r e a l  condit ions r e l a t e d  t o  unusual s t imula-  
t i o n  of  t h e  ves t ibu la r  system. 

I s  it poss ib le  t o  compensate f o r  t h i s  negative e f f e c t  o f  v e s t i b u l a r  
s t imula t ions?  I f  we judge by t h e  e l e c t r i c a l  reac t ions  of the  b r a i n ,  we should 
seek poss ib le  compensatory mechanisms i n  condit ions of  c rea t ing  a  dominant 
focus i n  another  sec t ion  of t h e  bra in .  The b a s i s  f o r  t h i s  hypothesis  i s  t h e  
following -- V. A. I l 'yanok es tabl i shed t h a t  t h e  va r i a t ions  described here  i n  
t h e  r eac t ion  of the  b r a i n  ass imi la t ing  t h e  rhythms of l i g h t  f l a s h e s ,  which 
develop upon v e s t i b u l a r  s t imula t ions  i n  both animals and man, a r e  observed 



only  under condit ions when t h e  v i s u a l  system i s  s t imula ted  by a l i g h t  o f  weak 
o r  medium i n t e n s i t y .  I f  t h e  v i s u a l  analyzer  i s  st imulated by b r i g h t  i n t e r -  
m i t t e n t  o r  continuous l i g h t ,  t h e  extent  of t h i s  r eac t ion  remains unchanged o r  
s l i g h t l y  increases  upon add i t iona l  s t imula t ion  of the  v e s t i b u l a r  appara tus .  
A s  i nd ica ted ,  s t imula t ion  of indiv idual  neurons of  t h e  v i s u a l  cen te r  by l i g h t  
el iminated i n h i b i t i o n  of t h e i r  a c t i v i t y  caused by v e s t i b u l a r  s t imula t ion .  
According t o  t h e  d a t a  of  Gorgiladze and Smirnov, suppression o f  a l l  phases 
caused by a s i n g l e  l i g h t  f l a s h  of  p o t e n t i a l s  i n  t h e  v i s u a l  co r t ex  and r e l a t e d  
t o  s t imula t ion  of  t h e  l abyr in th  was a l t e r e d  by recovery o f  t h e i r  amplitude and 
even an inc rease  under condit ions when s t imula t ion  by a f l a s h  of t h e  same 
i n t e n s i t y  and dura t ion  was applied 10-15 times per  seco;:d, i . e .  when t h e  t o t a l  
energy of the  l i g h t  was increased  by an order  of 1-1.5. The widely known 
psychophysiological inves t iga t ions  of t h e  analyzer  i n t e r a c t i o n  o f  t h e  Orbe l i  
and Kravkov school a l s o  i n d i c a t e  t h e  p o s s i b i l i t y  of suppressing t h e  a c t i v i t y  
of a s i n g l e  analyzer  by increas ing  t h e  i n t e n s i t y  o f  s t imula t ion  by another .  

I t  i s  poss ib le  t h a t  c rea t ion  of a .  dominant focus i n  some o t h e r  s e c t i o n  of 
t h e  b r a i n  r a t h e r  than t h e  v i s u a l  cor tex  may be very e f f e c t i v e  i n  compensating 
d i s rup t ions  caused by unusual s t imula t ions  o f  t h e  v e s t i b u l a r  system. 
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A C T I V I T Y  OF THE PHASE AND TONIC SYSTEMS OF THE OCULBMOTOR 
APPAFZAIUS I N  CERTAIN VESTIBULAR REFLEXES AND I N  

V E S T I B U L A R  NYSTAGMUS 

B ,  P a  Matyushkin 

ABSTRACT. The phase and t o n i c  systems of the oculomotor 
apparatus  in r a b b i t s  during revolu t ions  around the  longi tu-  
dinal  ax i s  of t he  body and t o  r o t a t i o n a l  postnystagmus i s  
i nves t iga t ed .  When an animal i s  ro t a t ed  slowly around the  
longi tudinal  ax i s  of i t s  body i n  the d i r e c t i o n  of the  muscle 
being s t u d i e d ,  the  func t ion  of the ton ic  system i n  i t  is i n -  
t e n s i f i e d ,  and the  phase system i s  brought i n t o  the r eac t ion  
along w i t h  the  t on ic  system upon rapid r o t a t i o n s .  

I t  was assumed u n t i l  r e c e n t l y  i n  physiology t h a t  t h e  motor p a r t  o f  t h e  
oculomotor apparatus  (OMA) of mammals was cons t ruc ted  o f  f u n c t i o n a l l y  homo- 
geneous u n i t s .  Assumptions about t h e i r  inhomogeneity have been made only i n  
c e r t a i n  morphological papers  [ 3 ,  61. 

Phys io logica l  arguments of  t h e  d u a l i t y  o f  t h e  motor complex o f  OMA, and - /24 
t h e  presence i n  it of s p e c i a l  quick (phase) and slow ( ton ic )  systems were 
presented  i n  our papers publ ished i n  1961-1963. 

With t h e  h e l p  of e l ec t rophys io log ica l  techniques ,  i n  p a r t i c u l a r  o f  t h e  
method of i n t r a c e l l u l a r  d e r i v a t i o n  o f  p o t e n t i a l s ,  we succeeded i n  i s o l a t i n g  
two types  of f i b e r s ,  s i m i l a r  t o  t hose  found i n  t h e  s k e l e t a l  muscles of 
amphibians, and t h e  e x t r i n s i c  o c u l a r  muscles o f  r a b b i t s  [l , 51 : phase type 
f i b e r s  genera t ing  quick (2 msec i n  dura t ion)  8nd high (80-90 mv) p o t e n t i a l s  
of  t h e  e f f e c t  car ry ing  s t imu la t ion ,  and t o n i c  type  f i b e r s  which gene ra t e  
only  slow (10-20 msec) and low (18-20 mv) o s c i l l a t i o n s  o f  p o t e n t i a l s  o f  
neuromuscular connections, n o t  capable of ca r ry ing  s t imu la t ion ,  I n  t h e  t o t a l  
electromyogram, t h e  phase f i b e r s  genera te  quick o s c i l l a t i o n s ,  u s u a l l y  of two- 
phase form, and t h e  t o n i c  f i b e r s  genera te  slow s ingle-phase  o s c i l l a t i o n s ,  

I t  was discovered t h a t  phase type f i b e r s  a r e  innerva ted  by a motoneurons 
( a t  a  conducting r a t e  of  approximately 80 m/sec),  and t o n i c  type  f i b e r s  a r e  
innerva ted  by y motoneurons ( a t a  conducting r a t e  of approximately 30 m/sec).  
Moreover, t o n i c  f i b e r s  have multineuron innerva t ion  compensating t h e i r  
nonconduct ivi ty .  

I t  was poss ib l e  t o  s epa ra t e  t h e  q v t o t a l "  con t r ac t ing  r e a c t i o n s  of  t h e  
ocu la r  muscles of r a b b i t s  and c a t s ,  obtained upon e l e c t r i c a i  s t imu la t ion  of  
t h e i r  nerves ,  i n t o  phase and t o n i c  components, and thus  i n v e s t i g a t e  t h e  
con t r ac t ing  p r o p e r t i e s  of t h e  phase and t o n i c  masses of t he  f i b e r s ,  Contrac- 
t i o n s  of t h e  phase f i b e r s  obtained upon super threshold  s t i m u l a t i o n s  of a axons 
and subthreshold  of l e s s  e x c i t a b l e  y axons were very  r a p i d  ( the  increment of 



a s i n g l e  s t r e s s  f o r  8-9 msec). Contract ions o f  t o n i c  f i b e r s  occurr ing  upon 
s t imu la t ion  of y axons under condi t ions  o f  s e l e c t i v e  anode blockade of  a z o n s  
were much slower (increment of a  s i n g l e  s t r e s s  f o r  50-100 msec) m d  drzdn o u t ,  

Our d a t a  on t h e  dual na tu re  of t h e  OhlA o f  mamals  has been t o t a l l y  
confirmed i n  morphological and e l ec t rophys io log ica l  i n v e s t i g a t i o n s  of  t h e  
American s c i e n t i s t s  Hess and P i l a r  [ 4 ] ,  who publ ished t h e i r  r e s u l t s  a f t e r  our  
paper was i s sued .  

There a r e  grounds ( s i m i l a r i t y  of morphology, func t iona l  t a s k s ,  phaxmaco- 
l o g i c a l p r o p e r t i e s ,  t h e  na tu re  of t o t a l  electromyogram) t o  assume t h a t  t he  
dual  func t iona l  o rgan iza t ion  of OMA discovered i n  animals i s  p re sen t  i n  man. 

Calcu la t ions  and experiments i n d i c a t e  t h a t  t h e  phase and t o n i c  systems of  
OMA have d i f f e r e n t  ophthalmodynamic func t ions  -- t h e  phase system provides f o r  - / 2 5  
va r ious  r a p i d  movements of  t h e  eyes,  and the  t o n i c  system provides f o r  t h e i r  
slow movements and f i x a t i o n .  

Of s p e c i a l  i n t e r e s t  i s  t h e  eva lua t ion  of t h e  p a r t i c i p a t i o n  of  phase and 
t o n i c  systems of  OE4A i n  v e s t i b u l a r  r e f l e x e s  and nystagmus of  t h e  e x t r i n s i c  eye 
muscles. 

We i n v e s t i g a t e d  t h e  behavior  of t h e  phase and t o n i c  systems of OI\N i n  
v e s t i b u l a r  r e f l e x e s  t o  r o t a t i o n s  around t h e  long i tud ina l  a x i s  of t h e  body 
(head-trunk) and i n  p o s t r o t a t i o n a l  nystagmus of  seven r a b b i t s  wi th  an i n t a c t  
b r a i n .  During t h e s e  experiments t h e  " t o t a l "  electromyogram of t he  o u t e r  eye 
muscles of t h e  supe r io r  r e c t u s  of t h e  e x t r i n s i c  r e c t u s  were recorded and 
analyzed. Needle e l e c t r o d e s  were implanted one i n  t h e  v e n t e r  musculi and t h e  
o t h e r  i n  t h e  muscle tendon; t h e  mode of  muscle func t ion  was i some t r i c .  I t  was 
p o s s i b l e ,  a s  a  r u l e ,  t o  d i s t i n g u i s h  t y p i c a l  p o t e n t i a l  o s c i l l a t i o n s  f o r  t h e  
phase and t o n i c  systems a t  a  h igh  dmm r a t e  of t h e  electromyogram (EMG) i n  
t ime.  

During experiments wi th  slow r o t a t i o n  of an animal around t h e  l o n g i t u d i -  
n a l  a x i s  of  i t s  body toward t h e  inves t iga t ed  supe r io r  musculus r e ~ t u s  (from a  
p o s i t i o n  of  t h e  p a r i e s  upward), t h e  slow e l e c t r i c a l  wave a c t i v i t y ,  i . e ,  
func t ioning  o f  t h e  t o n i c  system, increased  i n  i t .  Upon f i x a t i o n  of t h e  
r o t a t e d  p o s i t i o n ,  t h e  l e v e l  of a c t i v i t y  achieved was maintained and was 
p ropor t iona l  t o  t h e  angle of r o t a t i o n .  The inc rease  i n  t h e  amplitude of slow 
EMG o s c i l l a t i o n s  i n  t h i s  r e f l e x  was much g r e a t e r  than t h e  inc rease  i n  
frequency, which probably i n d i c a t e s  p a r t i a l  synchronizat ion of y motoneuron 
a c t i v i t y .  We no te  t h a t  synchronizat ion of  y motoneuron a c t i v i t y ,  i nne rva t ing  
va r ious  s e c t i o n s  of t h e  same t o n i c  muscular f i b e r s ,  i s  f e a s i b l e  i n  a  mechan- 
i c a l  sense .  

Returning t h e  animal t o  i t s  i n i t i a l  p o s i t i o n  decreased e l e c t r i c a l  
a c t i v i t y  of  t h e  muscle t o  i t s  i n i t i a l  l e v e l ,  and r o t a t i o n  i n  t h e  oppos i t e  
d i r e c t i o n  decreased it t o  zero .  



I f  r o t a t i o n  i n  t h e  d i r e c t i o n  o f  t h e  muscle being inves t iga ted  i s  rap id  
( fo r  example, a t  a  r a t e  of 90 deg/sec) ,  t h e  phase system ( rapid  two-phase 
e f f e c t i v e  p o t e n t i a l s  appeared i n  t h e  EMG) became involved i n  t h e  r e a c t i o n  
along with t h e  t o n i c  system. From t h e  physiological  poin t  of  view, involve- 
ment of t h e  phase s.ystem i n  t h e  r eac t ion  i s  j u s t i f i e d  i n  a  given case  by t h e  
necess i ty  f o r  r a p i d  compensation of eyebal l  r o t a t i o n .  

During p o s t r o t a t i o n a l  nystagmus of t h e  e x t r i n s i c  musculus r e c t u s ,  caused 
by tenfold  r o t a t i o n  of a  r a b b i t  i n  a  manual cen t r i fuge  a t  a  r a t e  of 1 rpm with 
subsequent sudden stopping,  t h e  EMG looked d i f f e r e n t  depending on t h e  
d i r e c t i o n  of nystagmus. If t h e  d i r e c t i o n  of nystagmus was such t h a t  t h e  
muscle being s tud ied  functioned a c t i v e l y  i n  t h e  slow phase ( s t r e s s  was 
recorded e l ec t rograph ica l ly  with t h e  he lp  of  a  p i e z o c r y s t a l ) ,  slow o s c i l l a -  
t i o n s  of ordinary single-phase form and sometimes with s l i g h t  mixing of r a p i d  
o s c i l l a t i o n s ,  increas ing  i n  amplitude and frequency, were observed during the  
slow phase on t h e  EMG; t h e  a c t i v i t y  terminated during t h e  r a p i d  phase. 

With t h e  nystagmus i n  t h e  opposi te  d i r e c t i o n ,  when t h e  muscle be ing  
s tudied  functioned a c t i v e l y  i n  r a p i d  phases, t h e  EMG was a  b u r s t  o f  t y p i c a l l y  
r ap id  two-phase r eac t ion  p o t e n t i a l s  of high amplitude with a  mixture of  lower 
slow o s c i l l a t i o n s ,  and t h e  EMG of t h e  slow phase was a  s e r i e s  of  slow 
o s c i l l a t i o n s  of low amplitude, decreasing t o  zero a t  t h e  end o f  t h e  per iod .  

Thus, experiments i n d i c a t e  t h a t  slow phases of nystagmus a re  provided 
mainly by t h e  t o n i c  system, and rap id  phases by t h e  phase system. It should 
be  noted t h a t  t h e  dura t ion  of t h e  bur s t  of  r ap id  r e a c t i o n  p o t e n t i a l s  (during 
r ap id  phases) hardly  v a r i e s  during damping of nystagmus, and a l s o  v a r i e s  
i n s i g n i f i c a n t l y  from experiment t o  experiment, remaining wi th in  t h e  l i m i t s  o f  
0.08-0.12 sec .  Apparently t h e  a c t i v i t y  of the  per iod  of phase system ac t iv -  
i t y ,  during which r a p i d  motion of the  eyeballs  i s  accomplished and t h e  v i s u a l  
funct ion i s  d is rupted ,  i s  provided f o r  by some s p e c i a l  mechanism. Duration o f  
t h e  periods of t o n i c  system a c t i v i t y  under these  condit ions v a r i e s  over  wide 
ranges according t o  v a r i a t i o n s  i n  t h e  periods of nystagmus. 

The r e s u l t s  considered by inves t iga t ing  nystagmus of indiv idual  eye 
muscles s e t  i n  t h e  i sometr ic  mode apparently r e f l e c t  b a s i c  laws of  t h e  
d i s t r i b u t i o n  of t h e  funct ion  between t h e  phase and t o n i c  systems of OMA i n  
v e s t i b u l a r  r e f l e x e s  when they  occur i n  a  na tu ra l  s i t u a t i o n .  
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ELECTROPHYSIQLBGICAL INVESTlGATION O F  THE INTERACTION 
OF THE VESTIBULAR AND V I S U A L  AFFERENT SYSTEMS 

G ,  i .  Gorgiladze and G ,  D. Smirnov 

ABSTRACT, The e f f e c t  of v e s t i b u l a r  s t imu la t ion  (polar -  
i za t ion  of the  labyr in th  by d i r e c t  c u r r e n t )  on s t imu la t ion  
i n  the  v isua l  system and on the a c t i v i t y  of individua~l.  
neurons i n  t he  v isua l  co r t ex  of the  c a t  i s  s tud ied .  Re- 
s u l t s  of the  experiments permit us t o  conclude t h a t  the  
e f f e c t  of po la r i z ing  the  labyr in th  on the  primary v isua l  cor- 
t ex  of the c a t  i s  of a  nonspecific. na ture .  

The c l o s e  func t iona l  r e l a t i o n s h i p  and i n t e r a c t i o n  of  v e s t i b u l a r  r ecep t ion  ,E 
with  o the r  systems of s p a t i a l  percept ion ,  f i r s t  o f  a l l  wi th  t h e  v i s u a l  and 
somatosensory systems have been shown by numerous phys io log ica l  and psycho- 
l o g i c a l  i n v e s t i g a t i o n s  [3, 4, 11, 20, 22, 25 and 291. 

I n t e r a c t i o n  between t h e  v i s u a l ,  v e s t i b u l a r ,  and a l s o  t h e  somatosensory 
systems should provide a  s u b j e c t i v e  s t a b i l i t y  o f  t h e  v i s i b l e  world. Disrup- 
t i o n  of  t h i s  i n t e r a c t i o n ,  due t o  ce s sa t ion  of  t h e  flow o f  impulses from t h e  
v e s t i b u l a r  apparatus  [3 l ]  o r  due t o  s t rong  v e s t i b u l a r  s t i m u l a t i o n ,  may e l i c i t  
v i s u a l  d i so rde r s .  Study of t h e  i n t e r a c t i o n  of va r ious  ana lyzer  systems 
becomes e s p e c i a l l y  important t o  a v i a t i o n  and space medicine [1,  6 ,  191. 

Diverse i l l u s i o n s  of s p a t i a l  percept ion  [5, 10, 12-14] may develop under 
condi t ions  o f  weight lessness ,  and a l s o  due t o  t h e  e f f e c t  o f  o t h e r  physiolog- 
i c a l  and psychic f a c t o r s  which accompany them o r  develop during space f l i g h t s .  
I t  should be  noted t h a t  t h e  func t ion  o f  t h e  v e s t i b u l a r  apparatus  i s  e s p e c i a l l y  
d i s rup ted  dur ing  weight lessness  [ l 8 ,  191. 

Future development o f  space f l i g h t s  w i l l  be r e l a t e d  t o  t h e  appearance o f  
s p a t i a l  o r i e n t a t i o n  mechanisms, and a l s o  t o  t h e  search  f o r  means of ei'imina- 
t i n g  d i s r u p t i o n  of normal i n t e r a c t i o n  between d i f f e r e n t  func t iona l  systems. 

Elec t rophys io logica l  d a t a  on t h e  e f f e c t  of t h e  v e s t i b u l a r  apparatus  on 
t h e  o p t i c a l  system were publ i shed  comparatively r e c e n t l y  [23, 241. I t  was 
shown i n  p repa ra t ions  of encephale i s o l e  of t h e  c a t  t h a t  s t imu la t ion  of  t h e  
v e s t i b u l a r  appara tus  ( p o l a r i z a t i o n  of t h e  l aby r in th  by a  d i r e c t  cu r r en t )  
causes t he  a c t i v i t y  of most neurons o f  t h e  v i s u a l  co r t ex  of both hemispheres 
t o  i n t e n s i f y  with a  l a t e n c y  per iod  of 25-200 msec; neuron r e a c t i o n s  t o  l i g h t  
s t imu la t ion  a l s o  increased ,  and t h e  c r i t i c a l  frequency o f  f l a s h e s  was 
increased .  

Gs-tisser, Griisser-Cornehls [23] and Jung 126, 271 confirmed t h a t ,  a l though 
t h e  v e s t i b u l a r  e f f e c t  i s  r e f l e c t e d  i n  t h e  v i s u a l  neurons a f t e r  a  r e l a t i v e l y  



prolonged l a t ency  per iod ,  it i s  a l s o  s p e c i f i c a l l y  d i f f e r e n t  from those  
v a r i a t i o n s  i n  neuron a c t i v i t y  which a r e  caused by s t i m u ~ a t i o n  o f  nonspec i f i c  
s - t ~ a c t u r e s  ~f t h e  b r a i n  stem [21, 17],  I t  was assumed t h a t  nor s p e c i f i c  
r e t i c u l o - t h a l m i c  s t r u c t u r e s  no t  only have a  more general  e f f e c t  on t h e  
c o r t e x ,  i n  t h e  sense  of a  v a r i a t i o n  i n  t h e  dynamics o f  processes  t ak ing  p l ace  
w i t h i n  it, b u t  it a l s o  f u l f i l l s  a  more complex func t ion  and may be t h e  
t r a n s f e r  po in t  of a  s p e c i f i c  e f f e c t .  Hence, t h e  conclusion was made t h a t  t h e  
pr imary v i s u a l  zone i s  t h e  formation i n t o  which s p e c i f i c  a f f e r e n t a t j o n  e n t e r s  
no t  only from " L h e  r e t i n a ,  bu t  a l s o  from t h e  v e s t i b u l a r  appara tus .  

In  t h i s  paper  we s t u d i e d  the  e f f e c t  of v e s t i b u l a r  s t i m u l a t i o n  (polar -  
i z a t i o n  o f  t h e  l aby r in th  by a  d i r e c t  c u r r e n t )  on conduction of s t i m u l a t i o n  i n  
t h e  o p t i c a l  system and on t h e  a c t i v i t y  o f  i nd iv idua l  neurons i n  t h e  v i s u a l  
c o r t e x  o f  t h e  c a t .  

Met hod 

Experiments were c a r r i e d  ou t  on 68 unanes the t ized  cu ra r i zed  c a t s  under 
cond i t i ons  o f  c repuscular  adap ta t ion  of t h e  eyes.  The head of  t h e  animal was 
secured  i n  a s t e r e o t a c t i c  device .  The e n t i r e  per iod  o f  prepar ing  f o r  t h e  
experiment was c a r r i e d  ou t  under a  general  e t h e r  a n e s t h e t i c .  The spo t s  of 
f i x a t i o n  and wound a reas  were a n e s t h e t i z e d  by a  1% s o l u t i o n  of novocaine. 
The a t r o p i n i z e d  eye was s t imu la t ed  by l i g h t  f l a s h e s  (1/3-15 f l a s h e s  p e r  s e c ) .  

E l e c t r i c a l  a c t i v i t y  from t h e  v i s u a l  co r t ex  (a rea  17 ) ,  t h e  corpus 
geniculatum l a t e r a l e  ( C G L ) ,  t h e  chiasm and t h e  r e t i n a  was recorded,  The 
l e a d  was un ipo la r  -- an i n d i f f e r e n t  e l e c t r o d e  was embedded i n  t h e  s k i n  o f  t h e  
forehead.  The o p t i c  nerve i n  p a r t  o f  t h e  experiments was s t imula ted  by an 
e l e c t r i c a l  cu r r en t  i n  t h e  reg ion  o f  t h e  chiasm o r  CGL, 

Recordings of e l i c i t e d  responses were c a r r i e d  i n t o  a  "Diza Elektronik" 
cathode osc i l l og raph  wi th  p a r a l l e l  r eco rd icg  on an eight-channel  Alvar ink-  
w r i t i n g  electroencephalograph.  

A c t i v i t y  of i nd iv idua l  o p t i c  elements was recorded e x t r a c e l l u l a r l y  from 
c o n t r a l a t e r a l  a r e a  17 (gyms l a t e r a l i s  media l i s )  by microe lec t rodes  o f  Pyrex 
g l a s s ,  f i l l e d  with 2.7 mole % of  a  KC1 s o l u t i o n  (diameter  of  t h e  micro- 
e l e c t r o d e  end was 0 .5-2  u )  . 

Neuron a c t i v i t y  was recorded on an "Amplior" cathode osc i l lograph .  The 
ECoG was recorded s imultaneously on an ink-wr i t ing  electroencephalograph.  A 
c h l o r i n a t e d  s i l v e r  e l e c t r o d e  0 .3  mm i n  diameter was implanted i n  d i r e c t  
proximity t o  t h e  microe lec t rode  i n  o rde r  t o  conduct t h e  ECoG t o  t h e  s u r f a c e  o f  
t h e  co r t ex .  An i n d i f f e r e n t  e l e c t r o d e  was a t tached  t o  t h e  bone of  t h e  f o r e -  
head. 

Ves t ibu la r  s t imu la t ion  was e l i c i t e d  by p o l a r i z a t i o n  through an e l e c t r o d e  
p l aced  on t h e  osseus r i n g  of  t h e  f e n e s t r a  t e r e s  by a  0.05-0.50 ma cu r ren t  



[ 8 ] ,  In order  t o  e l i c i t  a  r eac t ion  of  ECoG a c t i v a t i o n ,  a l eges ic  s t imula t ion  /29 
of t h e  sk in  of  t h e  f r o n t  extremity by an e l e c t r i c a l  current  o r  high-frequency 
st imulat ion o f  t h e  mesencephalon r e t i c u l a r  formation was used. 

Results 

A. Effect  of Labyrinth Polar iza t ion  on Conduction of Stimulation i n  t he  
Optic System 

1. Single  l i g h t  f l a shes .  Labyrinth po la r i za t ion  by a  0.1-0.12-ma fo rce  
( the  ac t ive  e l ec t rode  i s  t h e  cathode o r  anode) causes suppression of  induced 
p o t e n t i a l s  t o  s i n g l e  l i g h t  f l a shes  i n  the  v i s u a l  cor tex  of  both hemispheres 
(Figure 1 ) .  Both primary p o s i t i v e  and negative phases ( e spec ia l ly  negative)  
and l a t e r  components of inducedpotent ia ls  a r e i n h i b i t e d ;  General a c t i v i t y  o f  
the  background rhythmicity of t h e  cor tex  i s  observed simultaneously. 
Inh ib i t ion  of induced p o t e n t i a l s  continues during t h e  e n t i r e  period o f  
labyr in th  s t imula t ion ,  and they recover completely 20-30 sec  a f t e r  t h e  
polar iz ing  current  has been switched o f f ,  simultaneously with disappearance of  
t h e  a c t i v a t i o n  p a t t e r n  i n  t h e  background ECoG. Suppression of induced 
p o t e n t i a l s  is  apparent ly  of  purely c o r t i c a l  o r i g i n ,  becau?e it i s  not 
present  i n  o the r  sec t ions  of  t h e  o p t i c  system -- i n  t h e  r e t i n a ,  chiasm and 
~ G L ,  although i n  a  number of  cases i n s i g n i f i c a n t  suppression may sometimes be 
observed i n  t h e  CGL. This i n h i b i t i n g  e f f e c t  of  labyr in th  po la r i za t ion  on 
induced p o t e n t i a l s  i n  t h e  v i sua l  cortex was observed i n  most experiments. 
However, i n  some experiments the  amplitude of  induced p o t e n t i a l s  did not 
vary, and increased very r a r e l y .  

Variat ions o f  induced p o t e n t i a l s  upon l abyr in th  po la r i za t ion  a r e  not 
l imi ted  t o  the  v i s u a l  cort.ex. The amplitude of  induced p o t e n t i a l s  i n  the  
auditory cor tex  and t h a t  of  the  t r a n s c a l l o s a l  responses (Figure 2) decreased 
simultaneously. St imulat ion of t h e  mesencephalon r e t i c u l a r  formation o r  
l abu la r  s t imula t ion  of t h e  sk in  on t h e  background of ECoG a c t i v a t i o n  had a  
s imi la r  e f f e c t  on those  induced p o t e n t i a l s .  

2. Rhythmic l i g h t  f l a shes .  When the  eye i s  st imulated by l i g h t  f l a shes  
i n  a  10-15-per-second rhythm, a  d i f f e r e n t  p a t t e r n  i s  observed. The amplitude 
of responses i n  a  normal cortex drops a f t e r  a  c e r t a i n  period upon such l i g h t  
s t imula t ion  and a  decrease of individual  responses ( transformation of  rhythm) 
develops. Upon l abyr in th  po la r i za t ion ,  induced p o t e n t i a l s  follow t h e  
s t imula t ion  rhythm and even increase  i n  amplitude. This a l l e v i a t i o n  of - / 3 1 
responses continues f o r  severa l  seconds and gradually r e tu rns  t o  the  i n i t i a l  
background upon continued po la r i za t ion  (Figure 3) .  Al levia t ion  of  r e a c t i o n  t o  
rhythmic s t imula t ion  of t h e  eye was a l s o  observed i n  t h e  background o f  
e l e c t r i c a l  s t imula t ion  of  t h e  mesencephalon r e t i c u l a r  formation. 

3 .  E l e c t r i c a l  s t imulat ion BE t h e  o p t i c  t r a c t .  Po la r i za t ion  of  the  
labyr in th  r e s u l t s  i n  an increase  of  induced-po ten t i a l s  both t o  s o l i t a r y  and 
rhythmic s t imula t ion  of  t h e  chiasm o r  CGL. When t h e  chiasm i s  s t imula ted ,  



responses may a l s o  be a l l e v i a t e d  a t  t h e  CGL l e v e l .  S t imula t ion  of t h e  
r e t i c u l a r  formation a l s o  causes i n t e n s i f i c a t i o n  of induced p o t e n t i a l s  of t h e  
c o r t e x  upon s o l i t a r y  o r  rhythmic s t imu la t ion  o f  t h e  chiasm o r  CGL (Figure 4 ) .  

- .  - 
A B 1 B. Neuron Reactions i n  t h e  

Visual Cortex t o  Labyrinth 
Po la r i za t ion  

A t o t a l  o f  125 neurons from 
a r e a  17 were recorded.  According 
t o  t h e  n a t u r e  o f  t h e  r e a c t i o n  t o  

- ----I l i g h t ,  t h e s e  neurons correspond t o  
f i v e  types ,  descr ibed  e a r l i e r  by 
Jung and h i s  co l leagues  [27], no 

Figure 1 .  I nh ib i t i ng  Effec t  of dependence of  t h e i r  d i s t r i b u t i o n  
Labyrinth Po la r i za t ion  on Induced on t h e  s e c t i o n  of  t h e  co r t ex  
Po ten t i a l  i n  t h e  S i n i s t r a l  Optic  Region. wi th in  t h e  environs o f  a r e a  17  o r  
Right eye i s  s t imula ted  by s i n g l e  l i g h t  on t h e  depth o f  microe lec t rode  
f l a s h e s .  A ,  Standard,  before  l aby r in th  implant?  ion being revea led .  
p o l a r i z a t i o n ;  B, During p o l a r i z a t i o n  of 
t h e  s i n i s t r a l  l aby r in th  (0.03-ma Almost a l l  neurons possessed - /32 
cathode)  ; 1 ,  C G L ;  2 ,  Visual region of spontaneous a c t i v i t y ,  with t h e  
t h e  cor tex .  Ca l ib ra t ion :  500 mcv, except ion of  two which were 
100 msec a c t i v a t e d  only  t o  a  l i g h t  f l a s h  

(C-type). Spontaneous a c t i v i t y  i s  
dependent on background ECoG. Spontaneous a c t i v i t y  of  t h e  neuron is  u s u a l l y  
h ighe r  when overcoming r a p i d  o s c i l l a t i o n s  i n  t h e  ECoG than  t h a t  during over-  
coming slow waves. 

P o l a r i z a t i o n  o f  t h e  i p s i -  o r  c o n t r a l a t e r a l  l aby r in th  by a  cathode o r  
anode on t h e  background o f  ECoG a c t i v a t i o n  with a  l a t e n c y  pe r iod  o f  
25-250msec a c t i v a t e s  most o p t i c  neurons. The neuron a c t i v a t i o n  th re sho ld  - / 34 
coinc ides  wi th  primary v a r i a t i o n s  i n  t h e  ECoG (0.08-0.15 ma). According t o  
t h e  n a t u r e  o f  t h e  r e a c t i o n  t o  l a b y r i n t h  p o l a r i z a t i o n ,  t h e  neurons may b e  
d iv ided  i n t o  t h r e e  types ,  s i m i l a r  t o  t hose  descr ibed  e a r l i e r  [23]. 

Type a  (14%) - -  l ack  o f  v a r i a t i o n s  t o  l a b y r i n t h  p o l a r i z a t i o n  
(Figure 5A). 

Type b  (37%) -- i n t e n s i f i c a t i o n  of  a c t i v i t y  when p o l a r i z i n g  cu r ren t  i s  
switched on, p a r t  o f  t h e  neurons possess ing  r a p i d  adap ta t ion  and r e tu rn ing  t o  
normal a c t i v i t y  w i th in  t h e  f i r s t .  1-4 sec ,  t h e  o t h e r  p a r t  maintaining increased  
a c t i v i t y  over t h e  e n t i r e  pe r iod  o f  l a b y r i n t h  p o l a r i z a t i o n  wi th  weakly 
expressed adap ta t ion  (Figure 5B and C). 

Type c (49%) -- a c t i v a t i o n  t o  switching on and switching o f f  t h e  po la r -  
i z i n g  c u r r e n t ;  du ra t ion  of a c t i v a t i o n  t o  switching on and switching o f f  of 
p o l a r i z i n g  cu r ren t  v a r i e d  from 2 t o  20 s e c  (Figure 5D). 



Neuron a c t i v a t i o n  
increases  a s  the  i n t e n s i t y  o f  
t h e  po la r i z ing  current  
increases .  

Figure 6 presen t s  a  
schematic representa t ion  of 
these  types of neurons. In  no 
case was i n h i b i t i o n  o f  neuron 
a c t i v i t y  observed i n  the  
primary v i sua l  p ro j  ec t ion .  zone 
i n  response t o  l abyr in th  
po la r i za t ion .  

Inves t iga t ion  of t h e  same 
neuron react ions  t o  a l e g e s i c  
s t imula t ion  of  t h e  sk in  
indica ted  a  t o t a l  para1 l e l i sm 
between v a r i a t i o n  of neuron 
a c t i v i t y  and ECoG a c t i v a t i o n s .  
Even i n  a  small number of 

Figure 2. Effec t  of Polarizing t h e  Dexter 
Labyrinth on Induced Potential  i n  the  Right 
Auditory Region of the  Cortex (gyr .  ecto- 
sy lv ius  med i a1 i s )  i n  Response t o  an Acoustic 
Click (A) and Transcal losal Response (B)  i n  
the  Region of Gyr. Suprasylvius medial is .  
A: 1 ,  Standard, before labyrinth polar iza-  
t ion ;  2, During polar iza t ion  of t h e  dexter  
labyrinth (0.3-ma cathode);  3 ,  25 sec 
l a t e r ,  a f t e r  beginning of polar iza t ion;  
B :  1 ,  Standard (15 v ,  0.1 msec); 2,  During 
labyrinth po la r i za t ion  (0.3-ma cathode 
3 ,  During a l e g e s i c  s t imulat ion of skin of 
the  f ron t  paw by e l e c t r i c a l  current .  Cal- 
ibra t ion ,  200 ~ v ,  50 msec 

neurons, spontaneous a c t i v i t y  
d id  not  vary, those  same 
neurons a l s o  not being a c t i v -  
a t ed  by labyr in th  p o l a r i z a t i o n  
(type a ) .  

The lower the  spontaneous 
a c t i v i t y  of the  neuron, t h e  
more d i s t i n c t  i t s  a c t i v a t i o n  
appeared upon p o l a r i z a t i o n  of 
t h e  labyr in th  o r  a l eges ic  
s t imula t ion  o f  the  sk in .  
Simultaneous s t imula t ion  o f  
t h e  labyr in th  and sk in  
increased neuron a c t i v i t y  
s i g n i f i c a n t l y  h igher  than each 
s t imula t ion  separa te ly .  

I t  i s  important t o  note  
t h a t  t h e  exis tence  of d i f f e r e n t  types of neuron react ions  t o  l abyr in th  
po la r i za t ion  i s  not  a  unique fea tu re  of  t h e  v i s u a l  cor tex .  We have a l s o  
recorded such neuron types i n  o ther  c o r t i c a l  sec t ions  (gyr. ec tosylvius  
medialis and gyr.  suprasylvius media l i s ) .  



Figure 3 .  Effect  of Labyrinth Polar iza t ion  on 
Induced Po ten t i a l s  i n  the  Optic Region of t h e  
Cortex. T h e  eye i s  stimulated by l i g h t  f l a shes  
a t  a  frequency of 12 per sec.  The arrow denotes 
switching on of polar iza t ion  (0.3-ma cathode). 
The l a rge  deviat ion on the  ECoG i s  an a r t i f a c t  t o  
switching on of the  d i r e c t  current .  Cal ibra t ion ,  
100 uv, 100 msec; A ,  8, C ,  Individual sec t ions  of 
ECoG record i ng 

I t  should be noted t h a t  i n  the  motor cortex (gyms sigmoideus a n t e r i o r ) ,  
i n  d i s t i n c t i o n  from t h e  o p t i c  region,  where r eac t ion  t o  labyr in th  po la r i za t ion  
i s  expressed only i n  a c t i v a t i o n  of neurons, i n h i b i t i n g  e f f e c t s  s imi la r  t o  
r eac t ions  i n  v e s ~ i b u l a r  n u c l e i  a re  a l s o  observed [7]. In  t h i s  region of  the  
cortex,  p a r t  of t h e  neurons were ac t iva ted  t o  po la r i za t ion  of the  i p s i l a t e r a l  
l abyr in th  by a  cathode, and inh ib i t ed  by an anode; c o n t r a l a t e r a l  cathodizat ion 
on the  o the r  hand suppressed neuron a c t i v i t y ,  and anodization ac t iva ted  - / 36 
it (Figure 7 ) .  

Po la r i za t ion  of t h e  labyr in th  together  with an increase  i n  a c t i v i t y  
s t a b i l i z e s  and i n t e n s i f i e s  t h e  neuron type t o  a  l i g h t  f l a s h .  I f  t h e  neuron 
r e a c t s  weakly t o  l i g h t ,  o r  i n s t a b i l i t y  i n  t h e  reac t ion  develops, po la r i za t ion  
o f  t h e  labyr in th  de l inea tes  very c l e a r l y  the  a f f i l i a t i o n  of t h i s  neuron t o  
one o r  another type.  Inh ib i to ry  phases usual ly  become s h o r t e r ,  and t h e  
number of  impulses during t h e  ac t ive  phases increases s i g n i f i c a n t l y .  For 
example, Figure 8  shows two neurons from area  17 which belong t o  type b .  A 
neuron with a  s h o r t  l a t ency  period emits a  high-frequency b u r s t  of  impulses t o  
a  l i g h t  f l a s h  (denoted by t h e  small arrows), a f t e r  which an inh ib i t ed  burs t  
160-,170 nlsec i n  length follows. A second, somewhat more prolonged ac t iva ted  
phase and a  second i n h i b i t e d  phase 240-280 msec long then begin.  Po la r i za t ion  
of t h e  labyr in th  a f f e c t s  t h e  induced a c t i v i t y  of these  neurons i n  the  
following manner - -  t h e  number of impulses i n  the  f i r s t  ac t iva ted  phase almost 
doubles, and t h e  f i rst  inh ib i t ed  phase i s  reduced t o  80-120 msec. 



F igu re  4. A l l e v i a t i o n  o f  Induced P o t e n t i a l s  i n  t he  R igh t  V isua l  Cor tex t o  
S o l i t a r y  and Rhythmic S t i m u l a t i o n  o f  t he  Chiasma upon L a b y r i n t h  P o l a r i z a t i o n  
and S t i m u l a t i o n  o f  t h e  Mesencephalon Ret i e u l a r  Format ion  (A and B) and t o  
S o l i t a r y  S t i m u l a t i o n  o f  the  NKT upon P o l a r i z a t i o n  o f  t he  L a b y r i n t h  ( c ) .  
A, Induced p o t e n t i a l  t o  s o l i t a r y  s t i m u l a t i o n  o f  t he  chiasm (10 v,  0.1 msec): 
1, Standard; 2, Dur ing p o l a r i z a t i o n  o f  t he  s i n i s t r a l  l a b y r i n t h  (0.25-ma 
cathode);  3, Dur ing  s t i m u l a t i o n  o f  t h e  mesencephalon r e t i c u l a r  f o rma t i on  (7  v; 
250 per sec, 1  msec). C a l i b r a t i o n ,  400 vv, 10 msec. B, Induced p o t e n t i a l  t o  
rhythmic s t i m u l a t i o n  o f  t h e  chiasm a t  a  f requency o f  10 per  sec: 1, Standard; 
2, Dur ing p o l a r i z a t i o n  o f  t h e  l a b y r i n t h  (0.25-ma cathode).  C a l i b r a t i o n ,  
400 uv, 10 msec. C ,  lnduced p o t e n t i a l  t o  s o l i t a r y  s t i m u l a t i o n  o f  t h e  NKT 
(6  v,  0.1 msec): 1 ,  Standard; 2, Dur ing p o l a r i z a t i o n  o f  t h e  l a b y r i n t h  
(0.3-ma cathode) . Cal i b r a t  ion, 500 uv ,  10 msec 



1 sec 

F igure  5. D i f f e r e n t  Types of Neuron React ions o f  t he  L e f t  O p t i c  Region o f  t h e  
Cortex t o  L a b y r i n t h  P o l a r i z a t i o n .  The r i g h t  l a b y r i n t h  i s  p o l a r i z e d  (0.3-ma 
cathode).  A, Neuron n o t  r e a c t i n g  t o  l a b y r i n t h  p o l a r i z a t i o n  ( t ype  a ) ;  B and 
C ,  Neuron a c t i v a t e d  t o  sw i t ch ing  on o f  p o l a r i z a t i o n  ( t y p e  b) ; D, Neuron 
a c t i v a t e d  t o  sw i t ch ing  on and sw i t ch ing  o f f  p o l a r i z i n g  c u r r e n t  ( t ype  c ) .  The 
arrows denote t h e  moment o f  sw i t ch ing  on and sw i t ch ing  o f f  t h e  p o l a r i z i n g  
cu r ren t .  
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Type R (37%) 

F igu re  6. Schematic Representat ion o f  Three Types o f  Neurons o f  t h e  O p t i c  
Reg ion  o f  t h e  Cortex (Area 17) o f  t h e  Cat As a  Func t ion  o f  L a b y r i n t h  Po la r -  
i z a t i o n .  The arrows i n d i c a t e  sw i t ch ing  on and sw i t ch ing  o f f  t h e  p o l a r i z i n g  
cu r ren t .  V a r i a t i o n  o f  t h e  ECoG, d e r i v e d  f rom t h e  r i g h t  gy r .  l a t e r a l  i s  
m e d i a l i s  t o  p o l a r i z a t i o n  o f  the  l e f t  l a b y r i n t h  (0.25-ma cathode) i s  g i ven  
above. 
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F i g u r e  7 .  E f f e c t  o f  Lab.yr in th  P o l a r i z a t i o n  on Neuron A c t i v i t y  f rom R i g h t  Gyr. 
Sigmoideus A n t e r i o r .  The i p s i  l a t e r a l  l a b y r i n t h  i s  p o l a r i z e d  by cathode (A)  
and anode ( B ) ,  and t h e  c o n t r a l a t e r a l  l a b y r i n t h  i s  p o l a r i z e d  by cathode ( c )  and 
anode (D). Cur ren t  i n t e n s i t y  i n  a l l  cases i s  0.5 ma. The arrows i n d i c a t e  t h e  
moment o f  s w i t c h i n g  on t h e  d i r e c t  c u r r e n t .  
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Figure 8. Effect of Right Labyrinth Polarization (0.25-ma cathode) on b- 
neurons of the Left (1) and Right ( 1 1 )  Optic Regions of the Cortex. 
A, Standard; B, During labyrinth polarization; C, After switching off of 
polarization. The small vertical arrows indicate the illumination of the 
left eye by solitary light flashes, and the large arrows indicate switching 
on and switching off of polarization. 

The second activated and second inhibited phases vary in a similar 
manner. 

During the course of polarization, newon reaction, despite the pattern 
of electroencephalographic activation maintained, may return to the initial 
level. Labyrinth polarization, despite significant activation of neurons, 
often does not vary the activated or inhibited phases, but stabilizes response 
reactions of neurons to a series of high-frequency flashes, i.e., the lability 
of a given reaction increases. 



There a r e  no c o r r e l a t i o n s  between s p e c i f i c  v i s u a l  and v e s t i b u l a r  t ypes .  
Thus, neurons belonging t o  d i f f e r e n t  v i s u a l  types  may r e a c t  according t o  
type b .  

Like l a b y r i n t h  p o l a r i z a t i o n ,  a l e g e s i c  s t imu la t ion  of t h e  s k i n  i n t e n s i f i e s  
o r  s t a b i l i z e s  response r eac t ions  of neurons t o  l i g h t  (Figure 9 ) .  

A B 
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F igu re  9. E f f e c t  o f  A leges ic  S t i m u l a t i o n  o f  Sk in  o f  F ron t  Paw by E l e c t r i c a l  
Current  on Induced A c t i v i  t) o f  b-Neuron i n  R igh t  O p t i c  Region. A, Standard; 
B, Dur ing a l e g e s i c  s t i m u l a t i o n  o f  sk i n .  Arrows i n d i c a t e  l i g h t  f l ashes  
d i r e c t e d  a t  l e f t  eye. 



I t  i s  important t o  note  t h a t  not  once, even upon sharply  expressed 
i n t e n s i f i c a t i o n  of impulse a c t i v i t y  i n  response t o  l abyr in th  p o l a r i z a t i o n  o r  
t o  a l eges ic  s t i r ~ ~ u l a t i o n  of  t h e  sk in ,  d id  t h e  reac t ion  of neurons to  l i g h t  
s t imula t ion  disappear .  The type of  r e a c t i o n  a l s o  d i d  not vary, i f  we 
d is regard  t h e  appearance of  t h e  r e a c t i o c  i n  seve ra l  neurons of type  a; these  
neurons begin t o  respond t o  l i g h t  f l a s h e s  Ill t h e  background o f  l a b y r i n t h  
po la r i za t ion  or  sk in  s t imula t ion .  

Discussion 

The inves t iga t ion  ca r r i ed  out  ind ica ted  t h a t  pol?-r izat ion o f  t h e  laby- - /39 
r i n t h  causesva r i a t ion  i n  t h e  e x c i t a b i l i t y  of  m e  o p t i c  system i n  t h e  c a t .  The 
b a s i c  e f f e c t  i n  t h i s  case i s  noted a t  t h e  l e v e l  nf t h e  ce reb ra l  cor tex ,  and 
cons i s t s  of  i n h i b i t i o n  of induced responses t o  s o l i t a x y  l i g h t  f l a s h e s  and 
i n t e n s i f i c a t i o n  upon rhythmic l i g h t  s t imula t ion .  Cer ta in  v s r i a t i o n s ,  jzdging 
by e l e c t r i c a l  r eac t ions ,  may a l s o  be observed i n  t h e  CGL.  I t  should be 
noted t h a t  Grtisser, Grusser-Cornehls and Saur [24] d i d  not  observe any v 2 r i -  
a t ions  i n  t h e  a c t i v i t y  of ind iv idua l  nerve elements of t h e  CGL i n  response t o  
labyr in th  po la r i za t ion  when they  were being recorded. I n  t h e  experiments of 
Jung and h i s  colleagues [28], l abyr in th  po la r i za t ion  a l s o  increased t h e  
a c t i v i t y  o f  CGL neurons, but  upon condit ion of t h e  cor tex  remaining i n t a c t .  
A t  t h e  same time, responses t o  e l e c t r i c a l  s t imula t ion  o f  t h e  chiasm o r  NKT 
during l abyr in th  po la r i za t ion  a r e  a l l e v i a t e d  upon both rhythmic and s o l i t a r y  
s t imula t ions .  Variat ions i n  induced p o t e n t i a l s  a r e  observed i n  t h e  background 
of ove ra l l  ECoG a c t i v a t i o n .  

These r e s u l t s  con t rad ic t  t h e  experiments of V. G .  Samsonova 1151, who 
observed a  decrease i n  amplitudes o f  EEG f l u c t u a t i o n s  t o  rhythmic l i g h t  
f l a shes  (7-33 Hz) i n  a  human being r o t a t e d ,  and they  con t rad ic t  h e r  conclusion 
about t h e  i n h i b i t i n g  e f f e c t  of t h e  v e s t i b u l a r  system on c o r t i c a l  s t r u c t u r e s  of  
t h e  v i sua l  analyzer .  We showed t h a t  l abyr in th  po la r i za t ion ,  by e l i c i t i n g  
genera l ized  ECoG ac t iva t ion ,  a f f e c t s  induced responses i d e n t i c a l l y  both i n  t h e  - /40 
v i s u a l  and audi tory  cortexes,  and a l s o  a f f e c t s  t h e  t r a n s c a l l o s a l  response. On 
t h e  o t h e r  hand, d i r e c t  e l e c t ~ i c a l  s t imula t ion  of t h e  mesencephalon r e t i c u l a r  
formation o r  a l eges ic  s t imula t ion  of t h e  sk in ,  accompanied by such ECoG 
f l u c t u a t i o n s ,  have a  s i m i l a r  e f f e c t  on t h e  responses. 

The r e s u l t s  of  experiments c a r r i e d  out i n d i c a t e  t h a t  v a r i a t i o n s  of 
neuron a c t i v i t y  i n  t h e  primary o p t i c  zone of t h e  co r t ex  and t h e i r  r e a c t i o n  t o  
l i g h t  upon v e s t i b u l a r  s t imula t ion  caused by l abyr in th  p o l a r i z a t i o n  a r e  
t h e  same a s  f o r  those  caused during a l eges ic  s t imula t ion .  I n  both cases  t h e r e  
i s  a  c lose  r e l a t i o n s h i p  between general ized ECoG a c t i v a t i o n  and v a r i a t i o n s  i n  
t h e  r e a c t i o n  o f  indiv idual  neurons. 

I n  d i s t i n c t i o n  from the  German authors  [24],  we were unable t o  f i n d  a  
four th  type of neuron ac t iva ted  only  by switching o f f  t h e  po la r i z ing  cu r ren t .  
The f a c t  t h a t  t h e  e f f e c t  of v e s t i b u l a r  s t imula t ion  on t h e  primary o p t i c  
p ro jec t ion  zone i s  not  s p e c i f i c ,  i . e .  i s  not  r e l a t e d  t o  t h e  feeding of 
information t y p i c a l  f o r  a  given system of receptors  t o  t h e  co r t ex ,  i s  a l s o  



confirmed by t h e  s i m i l a r i t y  i n  v a r i a t i o n s  of neuron a c t i v i t y  observed under 
t h e  same condi t ions  i n  various regions of t h e  b ra in .  Moreover, t h e  presence 
o f  neurons i n  t h e  primary v i sua l  cor tex ,  r e a c t i n g  d i f f e r e n t l y  t o  l a b y r i n t h  
p o l a r i z a t i o n ,  and a l s o  t h e  uniformity of r eac t ions  expressed only i n  a c t i v -  
a t i o n  ( i n  d i s t i n c t i o n  from t h e  more complex p a t t e r n  t o  s t imula t ion  o f  non- 
s p e c i f i c  s t r u c t u r e s  of t h e  b r a i n  stem) a r e  one of t h e  main reasons f o r  t h e  
assumption t h a t  v e s t i b u l a r  pu l sa t ion  has a  s p e c i f i c  e f f e c t  on neurons o f  
a rea  17, and a t  t h e  same time provides "regulat ion o f  perception s t a b i l i t y  of 
t h e  v i sua l  world" [23, 26, 271. This assumption was a l s o  made on t h e  b a s i s  o f  
gene ra l ly  known psychophysiological observat ions .  But these  observat ions may 
a l s o  be explained without assuming a  s p e c i f i c  ves t ibu lo -op t i c  coordinat ion i n  
t h e  v i s u a l  co r t ex .  Thus, f o r  example, we know t h a t  s t imula t ion  of t h e  
v e s t i b u l a r  apparatus i n  man ( r o t a t i o n  o r  ga lvaniza t ion  of the  mastoid 
processes)  causes d i s rup t ion  not only of  t h e  v i s u a l ,  but  a l s o  of the  aud i to ry  
and t a c t i l e  senses  [4]. 

Jung and h i s  col leagues [28, 301 subsequently va r i ed  somewhat t h e i r  
views; they  i n d i c a t e  t h a t  t h e  ves t ibu lo -op t i c  convergence i n  the  primary o p t i c  
zone o f  t h e  co r t ex  i s  not  a  s p e c i f i c  sensory r egu la t ion ,  but is  expressed i n  
t h e  nonspeci f ic  p a t t e r n  of  ac t iva t ion .  

The i n v e s t i g a t i o n s  c a r r i e d  out emphasize the  leading r o l e  of t h e  r e t i c -  
u l a r  formation of t h e  b ra in  stem i n  propagating v e s t i b u l a r  s t imula t ion  t o  t h e  
cerebra l  co r t ex .  In  t h i s  regard our d a t a  agree with Molnar's conclusions, who 
proposed t h a t  t h e  r e t i c u l a r  formation p a r t i c i p a t e s  i n  accomplishment of 
v e s t i b u l a r  e f f e c t s  on t h e  cerebra l  cortex based on t h e  f a c t  t h a t  a r t i f i c i a l  /41 - 
epi leptogenic  f o c i ,  c rea ted  beforehand i n  d i f f e r e n t  zones of  t h e  cortex,  were 
ac t iva ted  i n  t h i s  case.  I t  should be pointed out  a t  t h e  same time t h a t  
v e s t i b u l a r  s t imula t ion ,  compared t o  o the r  a f f e r e n t  e f f e c t s ,  was t h e  most 
powerful a c t i v a t o r  of the  b r a i n  stem r e t i c u l a r  formation, and was el iminated 
by s i g n i f i c a n t l y  h igher  doses of pharmacological substances blocking t h i s  
system [9] .  

Our observat ions a l s o  ind ica te  t h a t  neuron reac t ions  i n  t h e  v i sua l  cor tex  
inc rease  and become more defined i n  t h e  background of v e s t i b u l a r  o r  a l e g e s i c  
s t imula t ion .  Moreover, p a r t i c i p a t i o n  of t h e  b ra in  stem r e t i c u l a r  formation i n  
t h i s  process permits  us t o  suggest t h a t  a  decrease i n  the  l eve l  of v e s t i b u l a r  
e f f e c t s  may under s p e c i f i c  condit ions be compensated due t o  o the r  a f f e r e n t  
systems. 

Conclusions 

1. Po la r i za t ion  of t h e  labyr in th ,  l i k e  a l eges ic  s t imula t ion  of  t h e  sk in  
o r  d i r e c t  e l e c t r i c a l  s t imula t ion  of t h e  mesencephalon r e t i c u l a r  formation, i n  
most cases i n h i b i t s  induced responses i n  t h e  o p t i c  region t o  adequate 
s t imula t ion  of t h e  eye by indiv idual  l i g h t  f l a s h e s .  



2. Induced responses t o  rhythmic l i g h t  f l a s h e s  o r  t o  i nd iv idua l  and 
rhythmic s t imu la t ions  o f  t h e  o p t i c  t r a c k  by an e l e c t r i c a l  c u r r e n t  a r e  a l l e v i -  
a t ed  i n  t h e  background of  t hose  s t imu la t ions .  

3 .  Three types s f  o p t i c  neurons t o  l aby r in th  p o l a r i z a t i o n  a r e  d i s -  
t inguished;  however, t h e  same types of  neurons were a l s o  discovered i n  
nonoptic  regions of t h e  cortex:  

4. Alegesic s t imu la t ion  of t h e  s k i n  a c t i v a t e s  a l l  those  neurons which 
a r e  a c t i v a t e d  by l aby r in th  p o l a r i z a t i o n ,  with t h e  except ion o f  a  smal l  po r t ion  
(14%) of neurons which do not  r e a c t  t o  l a b y r i n t h  p o l a r i z a t i o n .  I n h i b i t i o n  of 
neuron a c t i v i t y  t o  l a b y r i n t h  p o l a r i z a t i o n  o r  t o  a l e g e s i c  s t i m u l a t i o n  of t he  
s k i n  was not  noted.  

5 .  P o l a r i z a t i o n  o f  t h e  l a b y r i n t h  and a l e g e s i c  s t imu la t ion  of  t h e  s k i n  
i n t e n s i f y  and s t a b i l i z e  response r e a c t i o n s  of neurons t o  l i g h t  f l a s h e s  on t h e  
background o f  e lectroencephalogsaphic a c t i v a t i o n .  

The i d e n t i t y  o f  t h e  e f f e c t s  o f  v e s t i b u l a r  a l e g e s i c  and r e t i c u l a r  
s t i m u l a t i o n s  i n d i c a t e s  t h a t  t h e  e f f e c t  of l a b y r i n t h  p o l a r i z a t i o n  on t h e  
primary v i s u a l  c o r t e x  of  t h e  c a t  has no s p e c i f i c  cha rac t e r .  
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A MATHEMATICAL MODEL O F  THE OCULOMOTDR APPARATUS 

A, A. Petrov, V .  G .  Sragovieh and B .  G .  Sushkov 

ABSTRACT. A mathematical model of the OMA i s  proposed i n  
the form of the aggregate of' neuron networks which func- 
t ion  according t o  physiological p r inc ip le s .  A q u a l i t a t i v e  
explanation of c e r t a i n  r e f l ex  movements of the  eyes i s  
given,  and r e s u l t s  a r e  presented of experiments:on an OMA 
model run on an e l e c t r o n i c  computer. 

Functioning of t h e  oculomotor apparatus (OMA) has long a t t r a c t e d  t h e  - 143 
a t t e n t i o n  of phys io log i s t s ,  neuropathologists  and psychologists  a s  an example 
of  a  r e l a t i v e l y  access ib le  motor system con t ro l l ed  only by nervous e f f e c t s ,  
The OMA i s  an i n d i c a t o r  of v e s t i b u l a r  e f f e c t s  and an example o f  a  " v i t a l "  
servosystem; t h e r e f o r e ,  it has become the  objec t  of a t t e n t i o n  of  engineers 
t r y i n g  t o  descr ibe  funct ioning of t h e  OMA within t h e  l i m i t s  o f  automatic 
con t ro l  theory .  I n  our  opinion, t h e  language of neuron networks and of  auto- 
mation theory i s  more prospect ive  and adequate. Numerous neurophysiological  
and psychophysical experiments surveyed i n  extensive monographs do no t  permit 
us  t o  give t h e  ove ra l l  p i c t u r e  of t h e  system which con t ro l s  eye movements. 

I t  was discovered i n  t h e  cycle of papers of D.  P .  Matyushkin t h a t  t h e  
OMA of r a b b i t s  i s  formed by two motor systems -- T ( the  t o n i c  o r  slow) and 
P ( the  phase o r  r ap id ) ,  and the  r e l a t i o n s h i p s  between them have been inves t -  
iga ted .  D. P .  Matyushkin presents  d a t a  showing t h a t  t h e  OMA of  man a l s o  
possesses a dual s t r u c t u r e .  These r e s u l t s  a r e  based on a  proposed mathemat- 
i c a l  model of the  OMA i n  t h e  form o f  an aggregate of neuron networks which 
funct ion  according t o  p r i n c i p l e s  genera l ly  accepted i n  physiology. 

A s  f a c t u a l  da ta  on t h e  OMA increases ,  t h i s  model should be improved and 
should provide p red ic t ions  about new e f f e c t s  of eye movements by s t imula t ing  
experimental i nves t iga t ions .  

I .  The cont ro l  system of t h e  OMA i s  a  mul t i l eve l  system, i n  which each 
h igher  l eve l  con t ro l s  t h e  opera t ion  of t h e  lower l e v e l s .  This  con t ro l  i s  
accomplished through v a r i a t i o n  of t h e  s t a t e s  of  lower l e v e l s  by t h e  d i f fused  
e f f e c t  on t h e i r  p a r t s  o r  on t h e  e n t i r e  aggregate of neurons which form them. 

The lower primary l e v e l  of t h e  system i s  the  motor complex cons i s t ing  of 
the  e x t r i n s i c  eye muscles, nuc le i  111, I V  and VI of t h e  craniocerebra l  nerves 
and corresponding motor t r a c t s .  The primary l eve l  i s  t h e  s l ave  organ and i s  
under t h e  a c t i v a t i n g  o r  coordinat ing e f fec t  of  the  second l e v e l ,  which i s  
reasonable t o  r e l a t e  anatomically t o  t h e  system of  t h e  p o s t e r i o r  long i tud ina l  
f a sc icu lus  and t o  sec t ions  of  t h e  r e t i c u l a r  formation. 



fldgher l e v e l s  of OMA con t ro l  inc lude  vest ibula .r ,  v i s u a l ,  c o r t i c a l  a n d  
o t h e r  e f f e c t s .  

Let us  cons ider  t he  second l e v e l  i n  more d e t a i l ,  I t s  func t ion  i s  t o  
maintain t h e  tonus of t h e  e x t r i n s i c  eye muscles and to maintain a  g iven  
p o s i t i o n  of t h e  eyes with r e spec t  t o  o r b i t s  which may be dfsrli.pted by va r ious  /44 

P 

random e f f e c t s  on t h e  motor complex. Ac t iva t ion  of  t h e  motor neurons o f  t h e  
oculomotor n u c l e i  i n  o rde r  t o  maintain t h e  tonus of t h e  eye mu.scles i s  
accomplished by OMA con t ro l  o f  t h e  motor complexac t iva tors  (MU',) which make up 
t h e  second l e v e l .  

Due t o  t h e  e f f e c t  o f  a l l  p o s s i b l e  nonspec i f ic  e f f e c t s 1 ,  t h e  MCA d i f f u s e l y  
s t i m u l a t e s  t h e  t o n i c  motor neurons (TMN) o f  t h e  eye muscles. S ince  t h e  model 
concepts presented  here  l a y  claim only t o  explana t ion  of t h e  l o g i c  of OMA 
func t ion ,  we s h a l l  l i m i t  ourse lves  f o r  s i m p l i c i t y  t o  cons idera t ion  of  t h e  
c o n t r o l  o f  two mutually a n t a g o n i s t i c  muscles i n  each eye ( f o r  example, 
i n t r i n g i c  r e c t u s  and e x t r i n s i c  r e c t u s  muscles) .  Upon ana lys i s  
o f  t h e  l o g i c  of  OMA func t ioning ,  i t  i s  a l s o  immaterial  whether t h e  
MCA of  one muscle i s  an i s o l a t e d  loca l i zed  nerve s t r u c t u r e  o r  p a r t  o f  some 
s t r u c t u r e  common f o r  a l l  e x t r i n s i c  muscles of t h e  eyes,  o r  an a b s t r a c t  concept 
denot ing t h e  aggregate  of  a l l  nonspec i f i c  e f f e c t s  o f  t h i s  muscle on t h e  t o n i c  
system. Therefore ,  we may cons ider  t h a t  each muscle corresponds t o  i t s  MCA. 
We s h a l l  enumerate t h e  four  muscles we s t u d i e d  i n  t h e  o rde r  of t h e i r  n a t u r a l  
arrangement (des igna t ing  1 a s  t h e  abductor muscle of  t h e  l e f t  eye,  2 a s  t h e  
i n t r i n s i c  r e c t u s  of  t h i s  eye, 3 as t h e  i n t r i n s i c  r e c t u s  of t h e  r i g h t  eye and 
4 a s  t h e  abductor  of t h e  r i g h t  eye) .  

The a c t i v i t y  of t h e  MCA determined by t h e  e f f e c t  of  many f a c t o r s  has  an 
i r r e g u l a r  c h a r a c t e r .  The s imples t  movements of t h e  eyes -- tremors and 
d r i f t  -- a r e  i r r e g u l a r  and asynchronous i n  both  eyes ,  and a r e  explained by 
i r r e g u l a r  s t imu la t ion  of  t h e  TMN from t h e  MCA. 

The coord ina t ing  func t ion  ( s t a b i l i z a t i o n  o f  a  given p o s i t i o n  of  t h e  eyes)  
i s  accomplished by t h e  second l e v e l  through t h r e e  r e f l e x e s  a c t i n g  i n  p a r a l l e l :  
a) withdrawal o f  one o r  bo th  eyes as  a  r e s u l t  o f  muscle con t r ac t ion  due t o  an 
i n c r e a s e  i n  a c t i v i t y 2  o f  corresponding MCA i s  compensated through t h e  i n t e r -  
neuron network by propr iocept ive  junc t ions  ( " s t r e t ch  re f lex")  which become 
a c t i v e .  However, t h i s  compensation i s  only p a r t i a l ,  because according t o  
a v a i l a b l e  d a t a  t h e  s t r e t c h  r e f l e x  of  t h e  e x t r i n s i c  eye muscles is  r e l a t i v e l y  
weak and appears  with a  l a r g e  l a g ,  b) an apparent simultaneous withdrawal of  
bo th  eyes i n  t h e  same d i r e c t i o n  due t o  an inc rease  i n  t o t a l  MCA a c t i v i t y  o f  l 
and 3 (o r  MCA 2 and 4) i s  compensated by a  synchronous jump (caused by t h e  
pm) i n  t h e  oppos i te  d i r e c t i o n  ( l e t  us  c a l l  t h i s  r e f l e x  nystagmoid) , c)  t h e  

o f  a concre te  v i s u a l  problem. 
MCA a c t i v i t y  i s  determined mainly by t h e  number of s imultaneously p u l s a t i n g  

neurons.  



apparent approach o r  separa t ion  o f  t h e  eyes a s  a  r e s u l t  o f  an inc rease  i n  
t o t a l  a c t i v i t y  of MCA 2 and 3 (or  MCA 1 and 4) i s  compensated by slow sepa- /45 
r a t i o n o r  approach of t h e  eyes (convergent r e f l e x ) .  The enumerated r e f l e x e s  
a r e  organized i n t o  in terneuron networks with p a r t i c i p a t i o n  of propr iocept ive  
a f f e r e n t a t i o n ,  S t r e t c h  and convergent r e f l e x e s  a r e  accomplished by t h e  
T-systems of corresponding muscles, and t h e  main r o l e  i n  t h e  nystagmoid r e f l e x  
belongs t o  t h e  P-system. The T-systems of  t h e  an tagon i s t i c  muscles ("recip- 
roca l  innervation") a re  suppressed during these  compensating movements. J o i n t  
ac t ion  of t h e s e  t h r e e  r e f l e x e s  accomplishes r ap id  and r e l i a b l e  co r rec t ion  of 
eye pos i t ion .  

I t  i s  poss ib le  t o  cons t ruc t  many func t iona l ly  equivalent  systems which 
ca r ry  out  t h e  ind ica ted  ac t ions .  A system i s  b r i e f l y  charac ter ized  below 
which is s i m i l a r  t o  phys io logica l  concepts. 

Each of the  ref lexes  i s  organized i n  a  corresponding s t r u c t u r e  - -  an 
interneuron network1 We s h a l l  denote then a s  S, N and K .  We s h a l l  consider  
i n  d e t a i l  t h e  assumed funct ioning of s t r u c t u r e  N ,  cons i s t ing  of two symm'etrical 
i n t e r a c t i n g  neuron networks N and Ne.  Impulses from MCA 1 and 3 e n t e r  t h e  r 
input  of Nr ,  and those from MCA 2 and 4 e n t e r  t h e  input  of Ne.  S t imula t ing  

e f f e c t s  on TMN and PMN of muscles 2 and 4, and i n h i b i t i n g  e f f e c t s  on TMN of 
muscles 1 and 3 proceed from t h e  output of N r .  The output  neurons of  network 

Ne s t imula te  t h e  PMN and TMN of muscles 1 and 3, and i n h i b i t  TMN 2 and 4. 

Both networks, Nr and Ne, have a n a t u r a l  "viscosi ty" ( s p a t i a l  and time 

summation, i n t r i n s i c  i n h i b i t i n g  e f f e c t s )  i n  which weak ac t ions  of  t h e  MCA 
become e x t i n c t .  Moreover, s i g n a l s  enter ing  each network, by propagating along 
it, t ransmi t  i n h i b i t i n g  e f f e c t s  t o  t h e  o t h e r  network by preventing propagation 
of s t i m u l i  i n  t h i s  network. When s i g n a l s  of i d e n t i c a l  i n t e n s i t y  appear i n  
both networks, t h e r e  i s  mutual i n h i b i t i o n ,  and both networks a r e  closed t o  
these  s i g n a l s .  When the  a c t i v i t y  of one of t h e  two MCA groups not iceably  
exceeds t h a t  of t h e  o ther  group, t h e  pu l sa t ion  generated by i t  i n  i ts  own 
network suppresses t h e  opposi te  network which does no t  pass t h e  s i g n a l .  The 
i n h i b i t i n g  e f f e c t  of t h i s  l a t t e r  network on t h e  f i r s t  decreases simultane- 
ously.  Therefore, t h e  r a t h e r  in t ense  and prolonged a c t i v i t y  of one MCA 
group appears during s t imula t ion  of a  c e r t a i n  number o f  output  neurons of  t h e  
network, which a l s o  means t h e  PMN of t h e  opposi te  group of  muscles. Pulsa t ion  
of t h e  output  neurons of t h e  network r e s u l t s  i n  i n h i b i t i o n  of t h e  c e l l s  of 
both networks, i n  o rde r  t o  avoid extremely p a r t i a l  jumps, during which t h e  
v i sua l  c a p a b i l i t y  of  t h e  eyes i s  decreased2. 

The quest ion of whether these  s t r u c t u r e s  a r e  anatomically d ispersed  o r  
in t eg ra ted  is  o f  no importance t o  us.  

Apparently, organiza t ion  of  t h i s  i n h i b i t i o n  i s  a funct ion  of some s p e c i a l  
s t r u c t u r e .  



St ruc tu re  K f o r  a  convergent r e f l e x  funct ions  i n  a  s i m i l a r  manner, 
k  

MCA 2 and 3 a c t  on network Kd, and MCA 1 and 4 a c t  on network K . Output 

neurons s t imula te  TMN 1 and 4 and TMN 2 and 3 ,  r e spec t ive ly .  Impulses from 
t h e  propr ioreceptors  of  t h e  muscles (muscular sp indles)  e n t e r  t h e  input  of 
s t r u c t u r e  S, and output neurons have an a l l e v i a t i n g  e f f e c t  on t h e  t o n i c  system 
o f  t h e  same muscle. 

We surmise t h a t  t h e  e f f e c t  of upper l eve l s  o f  OMA on t h e  lower l e v e l  i s  
accomplished through t h e  second l e v e l  by v a r i a t i o n  of t h e  thresholds  of i t s  
neurons -- by i n h i b i t i o n  and a l l e v i a t i o n  of MCA c e l l s  and of s t r u c t u r e s  N and 
K .  Apparently t h e r e  a r e  d i r e c t  t r a c k s  from above which s t imula te  s t r u c t u r e s  
N and K .  

Some known r e f l e x  movements of t h e  eyes may be  explained q u a l i t a t i v e l y  i n  
t h e  f o l  lowing manner. 

1. The e f f e c t  of  v i s u a l  a f f e r e n t a t i o n  upon f i x a t i o n  of an immovable 
poin t  c o n s i s t s  i n  level ing  MCA a c t i v i t i e s  and a l l e v i a t i n g  t h e  neurons o f  
s t r u c t u r e s  N and K .  Switching o f f  t h e  v i s u a l  s t imulus (open eyes i n  darkness) 
removes these  e f f e c t s ,  and eye movement becomes sweeping. D r i f t  and jumps 
acqui re  an increased  amplitude and convergent movements replace  one another  
d i so rde r ly .  

When t h e  head i s  r o t a t e d  slowly, f o r  example t o  t h e  r i g h t ,  weak pulsa-  
t i o n s  from the  ce rv ica l  muscles and l abyr in ths  i n t e n s i f y  MCA 2 and MCA 4 
somewhat, and weakly i n h i b i t  s t r u c t u r e  N. A compensating movement of  t h e  
eyes t o  t h e  l e f t  develops. 

Increased pu l sa t ion  from t h e  l abyr in th  during c a l o r i c  and v e s t i b u l a r  
t e s t i n g  e l i c i t s  s t rong  MCA a c t i v i t y  and weakly i n h i b i t s  s t r u c t u r e  N a s  
before.  Therefore, a  smooth motion of t h e  eyes begins i n  t h e  corresponding 
d i r e c t i o n  ("slow phase of nystagmust') , which i s  replaced by a jump i n  t h e  
opposi te  d i r e c t i o n  ("quick phase"), because t h e  high s t imula t ion  from t h e  MCA 
exceeds i n h i b i t i o n  of N .  

2 .  In  o rde r  t o  v e r i f y  t h e  co r rec t ing  c a p a b i l i t y  of t h e  con t ro l  system 
which funct ions  according t o  t h e  system described above, experiments were 
c a r r i e d  out  on a d i g i t a l  computer. 

I n  these  ca lcu la t ions ,  d e t a i l s  of t h e  s t r u c t u r e  o f  neuron aggregates 
descr ibed  above were lacking.  A block diagram of a  model was considered i n  
which indiv idual  sec t ions  of t h e  l a t t e r  (blocks) possessed t h e  requi red  
func t iona l  p rope r t i e s .  Thus, f o r  example, each MCA i s  charac ter ized  by an 
a c t i v i t y  which is  measured by a (0  G a G l ) ,  which denotes t h e  f r a c t i o n  of  
s t imula ted  neurons, and a = 1 (maximum MCA a c t i v i t y )  corresponds t o  t h e  case 
when a l l  neurons of  a  given MCA a r e  s t imulated,  and a c t i v a t e  aPP INN of  t h e  
corresponding muscles. Ac t iv i ty  o f  P- and T-systems i s  determined i n  a 
s i m i l a r  manner, i . e .  t h i s  value i s  equal t o  t h e  r a t i o  of t h e  number of 



s t imula ted  PMN (and TMN, r e spec t ive ly )  t o  t h e  number of a l l  PMN (7MN) o f  t h e  - /47 
"poolwl The p o s i t i o n  o f  each eye i s  cha rac t e r i zed  by i t s  dev ia t ion  from 
a  n e u t r a l  p o s i t i o n  measured on a  c e r t a i n  s c a l e .  I t  i s  assumed t h a t  t h i s  
dev ia t ion  i s  equal t o  zero a t  t h e  i n i t i a l  moment. MCA a c t  on t h e  T-system 
such t h a t  a c t i v i t y  of t h e  l a t t e r  i s  l i n e a r l y  dependent on MCA a c t i v i t y .  Due 
t o  i t s  e f f e c t ,  t h e  eyes move a t  a  r a t e  p ropor t iona l  t o  t h e  d i f f e r ence  o f  TMN 
a c t i v i t i e s  of t h e  l e f t  and r i g h t  muscles,  The r a t e  of t h i s  movement depends, 
moreover, on e l a s t i c  r e s i s t a n c e  of t h e  s t r e t c h e d  muscle, A c t i v i t y  o f  t h e  
T-system of each muscle i nc reases  when t h e  l a t t e r  i s  s t r e t c h e d ,  and decreases  
when it c o n t r a c t s  ( s t r e t c h  r e f l e x ) .  Pu l sa t ions  from t h e  a c t i v a t o r s  a l s o  
e n t e r  t h e  block i m i t a t i n g  t h e  func t ioning  of  network N .  This i s  where t h e  
d i f f e r e n c e  between MCA a c t i v i t y  which innerva tes  t h e  abductor  muscle o f  t h e  
l e f t  eye and MCA a c t i v i t y  of  t h e  a n t a g o n i s t i c  muscle i s  determined. The same 
d i f f e r e n c e  was c a l c u l a t e d  f o r  t h e  r i g h t  eye. I f  t h e  g r e a t e s t  o f  t h e s e  
d i f f e r ences  exceeds a  given th re sho ld  va lue ,  it is  inc luded  i n  t he  func t ion ing  
of  t h e  P-system, and both eyes move suddenly i n  t h e  d i r e c t i o n  where p u l s a t i o n s  
from t h e  MCA a r e  weaker. The r a t e  o f  t h e  jump i s  g r e a t e r ,  t h e  g r e a t e r  t h e  
i n c ~ n s i s t e n c y  i n  MCA a c t i v i t y .  A f t e r  t h i s  t h e  P-system of a l l  muscles i s  
unst imulated f o r  a  c e r t a i n  per iod .  Experiments were c a r r i e d  out  with such a  
s i m p l i f i e d  model i n  which d i f f e r e n t  combinations o f  s t i m u l a t i o n  suppressed 
MCA, and eye movements t o  which t h e s e  s t i m u l i  were app l i ed  were recorded.  

These experiments permi t ted  us  t o  conclude t h a t  c o n t r o l ,  based on t h e  
nystagmoid n a t u r e  o f  i n t e r a c t i o n  o f  two OMA motor systems, i s  capable o f  
co r r ec t ing  eye p o s i t i o n .  Moreover, behavior  of t h e  model i s  s i m i l a r  t o  t h a t  
of a  r e a l  system. Thus, i n  t h e  case  when MCA a c t i v i t y  of one s i d e  ( f o r  
example, MCA 2 and MCA 4) no t i ceab ly  exceeded MCA a c t i v i t y  of  t h e  o t h e r  s i d e  
(MCA 1 and MCA 3 ) ,  which imi t a t ed  an inc rease  i n  a c t i v i t y  of  t h e  r i g h t  
l a b y r i n t h ,  nystagmus began with a  slow phase t o  t h e  r i g h t .  This  s i m i l a r i t y  
t o  oculographic record ings  was observed i n  t h e  c h a r a c t e r i s t i c s  o f  model 
behavior  when v i s u a l  s t i m u l i  appeared i n  darkness .  

3. The ob jec t  of  f u r t h e r  s tudy  i s  neuron networks s i m i l a r  t o  networks N r' 
and N descr ibed  above. This s tudy  i s  o f  s i g n i f i c a n t  i n t e r e s t  with regard t o  e  
t h e  f a c t  t h a t  G .  I .  Gorgiladze discovered t h e i r  ex i s t ence  experimental ly  i n  
v e s t i b u l a r  n u c l e i .  The networks s t u d i e d  a r e  m u l t i l a y e r  neuron s t r u c t u r e s  i n  
which each neuron of t h e  succeeding l a y e r  may r ece ive  s t i m u l a t i n g  impulses 
from adjacent  neurons of t h e  preceding l a y e r  with a  g r e a t e r  p r o b a b i l i t y ,  and 
from remote neurons - -  with l e s s  p r o b a b i l i t y .  Experiments on t h e  d i g i t a l  
computer i n d i c a t e d  t h a t  such networks r evea l  t h e  r equ i r ed  p r o p e r t i e s ,  i n  
p a r t i c u l a r  t h e  "v iscos i ty"  mentioned above, i , e .  damping o f  weak s i g n a l s .  - /48 
I n t e r a c t i o n  of two networks upon proper ly  organized mutual i n h i b i t i o n  a l s o  
s a t i s f i e s  t h e  d e s i r e d  requirements -- both networks do n o t  permit  incoming 
weak s i g n a l s  t o  pass ;  i f  t h e  input  s i g n a l s  d i f f e r  s i g n i f i c a n t l y ,  then  i n  t ime 
t h e  network, a t  which t h e  weak s i g n a l  a r r ived ,  i s  i n  a  s t a t e  of i n h i b i t i o n ,  

' ~ u s s i a n  word i n d e f i n i t e  -- "pul" o r  "pulo" probably meaning poss ib ly  t h e  
t o t a l  o f  a l l  neurons i n  ques t ion  -- T r ,  



and t h e  o t h e r ,  on t h e  o t h e r  ha-nd, i s  s t imula ted ,  I n  t h e  case  when s t r o n g  and 
equal s i g n a l s  a r r i v e d  a t  both i n t e r a c t i n g  networks, complete c los ing  o f  t h e  
networks d i d  not  t a k e  p lace ,  a l though a s  t h e  number of l aye r s  i n  each network 
inc reases  it becomes a l l  t h e  more apparent .  Thus, t h e  i n f e n s i t y  of  t h e  
output  s i g n a l  comprised approximately 60% o f  t h e  s i g n a l s  a.t t h e  input  i n  t h e  
case  o f  f i v e  l a y e r s ,  and about 40% when the re  were e l g k t  l aye r s  i n  each 
network, 

R E F E R E N C E S  

1. Gorgiladze, G .  I , ,  DokZ. AN SSSR, Vol. 158, No. 2 ,  p ,  350, 1964. 
2 .  Matyushkin, D .  P . ,  FizioZ. Zh. SSSR, Vol. 47, No. 7 ,  p .  15, 1961; Vo1. 48, 

No. 2,  p.  100, 1962; Vol. 49, No. 5 ,  p .  30, 1963. 
3 ,  Matyushkin, D .  P. , doctora l  d i s s e r t a t i o n ,  LPMI, 1964. 



THE EFFECT OF POSTURE OM THE SENSORY-MOTOR COORDINATION 
OF MAN 

A .  f i .  Koreshkov and G .  M .  Aboyan 

ABSTRACT. Resu l t s  a r e  presented of experiments , in wh i ch 
t e s t  sub jec t s  executed complex movements during d i f f e r e n t  
pos i t ions  of the body i n  space. Severe changes i n  the  
movements of the  subjec ts  were revealed,  e spec ia l ly  i n  the  
horizontal  pos i t ion .  The data obtained i n  t h e  experiments 
a r e  considered w i t h  respect  t o  the  in t e rac t ion  of t h e  
v e s t i b u l a r ,  visual  and motor analyzers .  

Numerous papers of  Russian and fo re ign  psychologists  and phys io logis ts  
have e s t ab l i shed  t h a t  o r i e n t a t i o n  of man i n  space and execution by him o f  
coordinated a c t s  i s  provided by t h e  combined a c t i v i t y  of  t h e  v e s t i b u l a r ,  
v i s u a l ,  k i n e s t h e t i c  and o t h e r  analyzers .  

Deep t h e o r e t i c a l  ana lys i s  of  t h e  problem of t h e  i n t e r r e l a t i o n  o f  
analyzers  was presented i n  t h e  papers of t h e  outstanding Russian phys io logis t  
A. A. Ukhtomskiy [2]. This problem acquired e spec ia l ly  important s ign i f i cance  
with regard t o  development of a v i a t i o n  and as t ronau t i c s .  I t  became q u i t e  
obvious t h a t  any form of motor a c t i v i t y  i n  man under d i f f e r e n t  condit ions of 
an ex te rna l  medium, inc luding.space ,  is  guaranteed by coordinated a c t i v i t y  o f  
t h e  organs of  locomotion, v i s i o n  and equil ibr ium. One of t h e  concrete forms 
of such a c t i v i t y  i s  t h e  e f f e c t  of i n i t i a l  operat ing pos ture  on t h e  q u a l i t y  of 
sensory-motor r eac t ions .  We know, f o r  example, t h a t  even s l i g h t  v a r i a t i o n  of  
a  comfortable working pos ture  of  man (e rec t  s i t t i n g  o r  s tanding) a f f e c t s  t h e  /49 

P 

accuracy o f  v i s u a l  perception and t h e  na ture  of movements. Thus, it was 
e s t ab l i shed  [ I ]  t h a t  a  s l i g h t  i n c l i n a t i o n  of the  head toward t h e  shoulder  from 
an i n i t i a l  v e r t i c a l  p o s i t i o n  decreases t h e  accuracy of elementary motor a c t s  
of t h e  executor.  This observat ion agrees e spec ia l ly  with f l i g h t  p r a c t i c e ,  
where incor rec t  pos ture  of  t h e  p i l o t  during f l i g h t  and i n c l i n a t i o n s  of  t h e  
head t o  t h e  s i d e  a r e  o f t e n  t h e  reason f o r  d i s rup t ion  o f  s p a t i a l  o r i e n t a t i o n  
and incor rec t  ac t ions  which o f t en  r e s u l t  i n  an emergency s i t u a t i o n .  

The t o p i c  of our  research  i s  t h e  problem of  t h e  e f f e c t  of d i f f e r e n t  
i n c l i n a t i o n s  of  t h e  body with respect  t o  t h e  hor i zon ta l  on t h e  q u a l i t y  of  
sensory-motor coordinat ion.  

The experiments were conducted i n  a  s p e c i a l  a r t i c u l a t e d  c h a i r .  The age 
of t h e  t e s t  sub jec t s  ranged from 24 t o  28 years .  Four working pos tures  were 
employed -- e r e c t  s i t t i n g ,  t h a t  a t  an angle of 60 and 45" t o  t h e  horizon,  and 
a  hor i zon ta l  pos i t ion .  In  t h e  i n i t i a l  i nves t iga t ions ,  a l l  t e s t  sub jec t s  were 
t r a n s f e r r e d  from an e r e c t  s i t t i n g  t o  hor izonta l  pos i t ion ,  and then from a 
hor izonta l  p o s i t i o n  t o  e r e c t  s i t t i n g .  Moreover, i n c l i n a t i o n s  of t h e  head t o  



t h e  r i g h t  and t o  t h e  l e f t  a t  4S0 were ca r r i ed  out  i n  a  ho r i zon ta l  pos i t ion  and 
a t  an angle o f  45'. Four t a s k s  were assigned f o r  a l l  p o s i t i o n s  -- t he  f i r s t  
cons is ted  i n  t h a t  t h e  t e s t  sub jec t ,  having a  cont ro l led  s inusoid  on a  paper i n  
f ron t  of h i s  eyes, had t o  construct  p rec i se ly  t h e  szqe s inusoids  along t h e  
po in t s  above and below it. 

The second t a s k  cons is ted  of  executing two c i r c l e s  --  one of l e s s e r  and 
t h e  o the r  of g r e a t e r  radius  than t h e  cont ro l  c i r c l e .  In  order  t o  cons t ruc t  
t h e  assigned c i r c l e s ,  e ight  po in t s  were a l s o  marked f o r  each c i r c l e .  

The t h i r d  t a s k  cons is ted  of cons t ruc t ing  a  f ive-poin ted  s t a r  without 
renioving t h e  penc i l  from t h e  paper.  The t e s t  sub jec t s  were expec ia l ly  
i n s t r u c t e d  t o  maintain t h e  dimensions and accuracy of t h e  con t ro l  s t a r .  

The four th  t a s k  was t o  execute a  s p i r a l  of t h r e e  loops, s i m i l a r  i n  
accuracy of p l o t  and dimens.ions t o  t h e  con t ro l  s p i r a l .  The con t ro l  s t a r s  and 
t h e  s p i r a l  i n  t h e  t h i r d  and four th  t a s k s ,  s ince  they were e a s i e s t ,  were shown 
t o  t h e  t e s t  sub jec t s  only i n  each pose before  beginning completion wi th  
i n s t r u c t i o n s  t o  maintain t h e  dimensions of t h e  f igu res .  

The time requi red  t o  c.omplete t h e  t a s k  was ca lcula ted  each time during 
cons t ruc t ion  of t h e  f igu res  i n  one o r  another  pos i t ion .  The d a t a  obtained 
(according t o  time of completion) a r e  presented i n  Tables 1, 2 and 3 .  

TABLE 1 .  AVERAGE DATA ACCORD1 NG TO T l ME ( IN SECONDS) OF EXECUTl NG TASKS 
I N  EXTREME POSITIONS -- FROM ERECT S I T T I N G  TO THE HORIZONTAL 

Position 

I I 

Erect sitting . . . . . 25,5 21 ,O 16,6 / 12,3 
Horizontal, . . . . .  1 22.5 1 18.6 1 18,O I 11:6 

- 

T r .  Note: Commas indica te  decimal ~ o i n t s .  

The d a t a  of Table 1 r e f l e c t  t h e  r e s u l t s  of t h e  f i r s t  s e r i e s  o f  exper- 
iments where t h e  t e s t  sub jec t  began t o  complete t h e  t a sks  i n  an e r e c t  s i t t i n g  
p o s i t i o n  and was t r a n s f e r r e d  through intermediate pos i t ions  a t  an angle of 
body i n c l i n a t i o n  o f  60 and 45' t o  a  ho r i zon ta l  pos i t ion .  

The success of  completing t h e  t a s k s  i n  t h i s  s e r i e s  is undoubtedly - /so 
r e f l e c t e d  no t  only by t h e  p o s i t i o n ,  bu t  a l s o  by t h e  lack' of t r a i n i n g  of t h e  
t e s t  s u b j e c t s ,  who were completing f o r  t h e  f i r s t  time a  t a sk  unusual f o r  them. 



TABLE 2, AVERAGE DATA A C C O R D I N G  40 T I M E  ( I N  SECONDS) OF E X E C U T I N G  TASKS 
I N  EXTREME POSITIONS -- FRBW THE HORIZONTAL TO ERECT S I T T I N G  

- - 

Position 

Horizontal . . . .  20,15 21,3 13,5 
28'25 1 20.25 Erect sirting . . . I  23,OO / 20,O 11.7 

--- - 

T r ,  Note: Commas ind ica t e  decimal p o i n t s .  

This  may expla in  t h e  f a c t  t h a t  an average o f  25.5 s e c  was expended i n  
drawing s inuso ids  f n  an  e r e c t  s i t t i n g  p o s i t i o n ,  21 s e c  f o r  drawing cTrc l e s ,  
and 22,5 and 18 ,5  sec ,  r e s p e c t i v e l y ,  f o r  drawing t h e  f i g u r e s  i n  a h o r i z o n t a l  
p o s i t i o n ,  

I n  t h e  second s e r i e s  of experiments t h e  same t e s t  s u b j e c t s  began t o  
execute t h e  t a s k s  i n  a  h o r i z o n t a l  p o s i t i o n  and completed them i n  an e r e c t  
s i t t i n g  p o s i t i o n .  

A s  i s  obvious from t h e  d a t a  of  Table 2, d i f f e r e n t  r e s u l t s  were obta ined  
i n  t h i s  s e r i e s  of  experiments.  The time f o r  drawing c i r c l e s  was approximately - /51 
t h e  same a s  i n  t h e  e r e c t  s i t t i n g  p o s i t i o n ,  a s  it was i n  t h e  h o r i z o n t a l  
p o s i t i o n ,  Whereas an average o f  23 s e c  was expended when drawing t h e  s inus -  
o ids  i n  an e r e c t  s i t t i n g  p o s i t i o n ,  and 28,25 s e c  i n  a  h o r i z o n t a l  p o s i t i o n .  

T A B L E  3 ,  AVERAGE D A T A  ACCORDING TO T I M E  ( I N  SECONDS) OF E X E C U T I N G  TASKS 
DEPENDING ON P O S l T l O N  I N  I AND I I  S E R I E S  O F  EXPERIMENTS COMBINED 

Erect  si t t ing . 
Horizontal 

I 

T r ,  Note: Commas ind ica t e  decimal po in t s .  



Approximately t h e  same r e l a t i o n s h i p s  a l s o  occurred when execut ing t h e  
o t h e r  two t a sks ,  * 

Although t h e  number of  experiments conducted was small  (a  t o t a l  o f  
48 s inuso ids ,  48 c i r c l e s  and an equal number of  s t a r s  and s p i r a l s  were drawn 
by t h r e e  t e s t  sv;bjects j ,  t h e  r e s u l t s  ob ta ined  may be i n t e r p r e t e d  from t h e  
p o i n t  of view o f  t h e  dependence o f  temporary c h a r a c t e r i s t i c s  of execut ing 
t a s k s  on pos ture .  

In an a d d i t i o n a l  s e r i e s  of  experiments t h e  same t e s t  s u b j e c t s  accom- 
p l i s h e d  t a s k s  of drawing s inuso ids  and c i r c l e s  i n  two p o s i t i o n s  - -  e r e c t  
s i t t i n g  and a t  an angle  of  45" t o  t h e  h o r i z o n t a l  with i n c l i n a t i o n s  of t h e  head 
t o  t h e  r i g h t  and t o  t h e  l e f t  a t  45". Accomplishment of  t h e  t a s k  on drawing a, 
c i r c l e  i n  t h e  e r e c t  s i t t i n g  p o s i t i o n  was b e t t e r  than  t h a t  a t  an i n c l i n a t i o n  
a t  an angle o f  45" 

Drawing o f  t h e  s inuso ids  was more succes s fu l  i n  t h e  e r e c t  s i t t i n g  pos i -  
t i o n .  

The r e s u l t s  obtained a r e  inadequate  i n  a  q u a n t i t a t i v e  aspec t  t o  formulate  
any d e f i n i t e  conclusions.  However, when execut ing a  more complex t a s k  - -  such 
a s  drawing s inuso ids ,  t h e  t e s t  s u b j e c t s  i n  a l l  experiments mastered it more 
s u c c e s s f u l l y  i n  t h e  e r e c t  s i t t i n g  p o s i t i o n .  

Prel iminary a n a l y s i s  o f  accuracy a l s o  i n d i c a t e s  t h e  same tendency. 
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ON THE iNTEWACTION OF CERTAlM ANALYZERS UPON 
FORMATiON OF MOTOR REACTIONS OF ANIMALS D U R l N G  

WEIGHTLESSNESS 

L .  A.  Kitayev-Smyk 

ABSTRACT. React ions t o  b r i e f  periods of weightlessness a r e  
described i n  c a t s  and rabbi ts  which a r e  heal thy ,  have one- 
o r  two-sided labyrinthectomies, o r  which a r e  deprived of 
v is ion .  The tonic  and motor components a r e  dist inguished 
i n  the motor a c t i v i t y  of the animals. Behavioral reac t ions  
of animals during weightlessness develop due t o  the e f f e c t  
~f  two competing information flows -- from t h e  gravi receptors  
and from the visual  analyzer .  

The papers of Soviet  authors have indica ted  t h a t  d i f f e r e n t  analyzers ,  
l i nk ing  t h e  organism t o  t h e  surrounding medium, function i n  c lose  i n t e r a c t i o n  
a s  physiological  systems. Due t o  t h i s  f a c t ,  t h e  c a p a b i l i t y  o f  l i v i n g  crea-  - / 5 2  
t u r e s  t o  adapt t o  a  r a t h e r  broad range of va r i a t ions  i n  the  ex te rna l  medium 
under condit ions of t e r r e s t r i a l  exis tence  i s  guaranteed. 

The development of  space f l i g h t  has presented t h e  problem of  man and t h e  
animals accompanying him i n  f l i g h t  adapting t o  condit ions e i t h e r  no t  encount- 
ered on ea r th ,  o r  s i g n i f i c a n t l y  d i f f e r e n t  from t e r r e s t r i a l  condit ions i n  t h e  
l e v e l  of t h e i r  e f f e c t  on organisms. The f i r s t  group r e f e r s  t o  v a r i a t i o n s  i n  
g rav i ty .  During weightlessness o r  reduced weight, v a r i a t i o n s  i n  t h e  na ture  of  
information proceeding from the  g rav i ty  receptors  apparently e l i c i t  rearrange- 
ment of t h e  a c t i v i t y  of an organism's analyzer  systems. Numerous f a c t s  a r e  
present ly  known, obtained during f l i g h t s  along a parabol ic  t r a j e c t o r y  and i n  
s a t e l l i t e s ,  which ind ica te  t h a t  t h i s  rearrangement i n  man and i n  animals i s  
f a r  from pa in less .  

The f i r s t  inves t iga to r s  discovered the  development of expressed unres t  i n  
animals during weightlessness,  and an increase  i n  motor a c t i v i t y  and 
discoordinat ion of movements was noted. Sensory d i s rup t ions  i n  the  form of 
s p a t i a l  i l l u s i o n s  accompanied by emotional reac t ions  ( f ea r ,  euphoria, e t c . )  
developed i n  a  l a rge  number of people upon encountering weightlessness,  motor 
a c t i v i t y  increased,  i n  p a r t i c u l a r ,  grasping react ions  developed, and vegeta- 
t i v e  d isorders  appeared, i n  a  number of  cases very sharply expressed [2-4, 7 3 .  

On the  b a s i s  of  a  number of papers, we may consider t h a t  an important 
r o l e  i n  - the formation of s i m i l a r  r eac t ions  during weightlessness belongs t o  
the  v e s t i b u l a r  analyzer [2-4 ,  71. L i t t l e  a t t e n t i o n  has u n t i l  t he  present  been 
given t o  inves t iga t ion  of t h e  s ign i f i cance  of o the r  analyzers during weight- 
lessness .  



In t h i s  r e p o r t ,  t h e  r e s u l t s  a r e  presented of  i n v e s t i g a t i n g  t h e  i n t e r -  
a c t i o n  o f  t h e  v i s u a l  and v e s t i b u l a r  ana lyzers  during formation i n  animals o f  
adapt ing t o  t h e  sepea ted  e f f e c t s  of b r i e f  per iods  of weight lessness .  

Met hod 

The s t a t e  of  weight lessness  was c rea t ed  i n  t h e  cabin  o f  an a i r c r a f t  while  
f l y i n g  along a  pa rabo l i c  t r a j e c t o r y .  Duration of each regime of weight less -  
nes s  was 25-30 sec .  Weightlessness was preceded and a l s o  followed by a  
G-load up t o  1 . 8  g,  l a s t i n g  15-18 sec .  In  a  number of  cases ,  c o n t r o l l e d  
experiments were c a r r i e d  o u t ,  i n  which weight lessness  was c r e a t e d  d i r e c t l y  
a f t e r  t h e  n a t u r a l  f o r c e  of  g r a v i t y .  

During each f l i g h t  (not  more than  once a  day) 6-8 regimes o f  weight- 
l e s s n e s s  were c a r r i e d  ou t .  

The experiments were conducted on 24 r a b b i t s  8-10 months o l d  without  /53 - 
regard  t o  sex,  and on 18 c a t s  without regard  t o  age o r  sex. A s p e c i a l  
compartment was o u t f i t t e d  i n  t h e  cabin  of  t h e  a i r c r a f t  t o  conduct t h e  exper- 
iments,  i n  which t h e  animals' were a b l e  t o  f l o a t  f r e e l y  i n  t h e  a i r .  

Behavioral and pos tu ra l  r e a c t i o n s  o f  t h e  animals were recorded wi th  t h e  
h e l p  of  motion p i c t u r e  f i lming  wi th  subsequent frame-by-frame i n t e r p r e t a t i o n  
( see  t h e  i l l u s t r a t i o n ) .  

Cu t t i ng  off t h e  v i s i o n  of t h e  animals was accomplished by us ing  s p e c i a l  
l i g h t p r o o f  masks placed over  t h e  eyes o f  t h e  animals;  t h e  v e s t i b u l a r  appara tus  
were cu t  o f f  i n  t h e  r a b b i t s  by t h e  method o f  A. B.  Tsypin and Yu. G .  G r i -  
gor 'yev [ 6 ] ,  and those  i n  t h e  c a t s  by t h e  method o f  Klein. 

S i x  s e r i e s  of  experiments were c a r r i e d  ou t :  t h e  f i r s t  s e r i e s  on h e a l t h y  
animals ( s i x  r a b b i t s  and t h r e e  c a t s ) ,  t h e  second s e r i e s  on s i x  r a b b i t s  and 
t h r e e  c a t s  with v i s i o n  c u t  o f f  dur ing  t h e  f l i g h t s ,  t h e  t h i r d  s e r i e s  on t h r e e  
r a b b i t s  and t h r e e  c a t s  de l abyr in th i zed  1 - 2  days be fo re  t h e  experiments,  t h e  
f o u r t h  s e r i e s  on t h r e e  r a b b i t s  and t h r e e  c a t s  de l abyr in th i zed  1-1.5 months 
b e f o r e  t h e  experiments,  t h e  f i f t h  s e r i e s  on t h r e e  r a b b i t s  and t h r e e  c a t s  
de l abyr in th i zed  1-1.5 months be fo re  t h e  experiments with t h e i r  v i s i o n  c u t  of f  
dur ing  f l i g h t ,  and t h e  s i x t h  s e r i e s  with t h r e e  r a b b i t s  and t h r e e  c a t s  delab-  
y r i n t h i z e d  on one s i d e .  A t o t a l  of 210 experiments were conducted. 

Resul ts  o f  the Experiments 

During t h e  f i rst  and second seconds o f  weight lessness ,  motor a c t i v i t y  o f  
h e a l t h y  animals increased  sha rp ly .  Observation and a n a l y s i s  of  t h e  movie f i lm  
i n d i c a t e d  t h a t  movements of  t h e  animals cons is ted  o f  s eve ra l  motor components. 



Rabbi ts  Dur ing Twen t i e t h  Regime o f  Weight lessness. A, Hea l thy  an imal ;  
8,  Animal w i t h  v i s i o n  c u t  o f f .  Sequence o f  t h e  frames i s  f rom t o p  t o  bottom. 



I n i t i a l l y ,  t h e  most no t i ceab le  were movements s i m i l a r  t o  running: 
"jumps" and "drumming" movements of t h e  e x t r e m i t i e s ,  The c a t s  a l s o  developed 
rota-ry movements o f  t h e  t a i l ,  a s  i f  t h e  animal were desc r ib ing  a funnel  wi th  
it, t h e  body beginning t o  t u r n  i n  t h e  oppos i te  d i r e c t i o n .  An inc rease  i n  
motor a c t i v i t y  was always accompanied by psychic s t i m u l a t i o n  -- by screams 
and d i l a t i o n  of t h e  o p t i c  f i s s u r e  i n  t h e  r a b b i t s ,  and by an expressed grasp ing  
r e a c t i o n  i n  t h e  c a t s .  

A t  t h e  beginning of t h e  pe r iod  of  weight lessness  (upon m u l t i p l e  r e p e t i -  
t i o n )  t h e  jumps and then  t h e  drumming movements of  t h e  paws disappeared.  
Psychic s t i m u l a t i o n  of  t h e  animals decreased s imultaneously.  The c a t s  s topped 
r o t a t i n g  t h e  t a i l ,  b u t  continued t o  maintain it extended upward wi th  r e s p e c t  
t o  t h e  body. 

A f t e r  motor r e a c t i o n s  had disappeared,  extension o f  t h e  ex t r emi t i e s  and 
body was maintained, becoming more pronounced. The extensory r e a c t i o n  d i s -  
appeared i n  t h e  f i f t e e n t h  t o  twen t i e th  regime of weight lessness  i n  r a b b i t s  an'd 
i n  t h e  s i x t h  t o  t w e l f t h  regime i n  t h e  c a t s .  Subsequently,  i n  t h e  absence of  /55 
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g r a v i t y ,  t h e  animals hung i n  t h e  a i r ,  p r e s s ing  t h e i r  paws t o  t h e  abdomen and 
extending them only i n  o rde r  t o  g ra sp  a t  some o b j e c t  which happened t o  be  
n e a r  by. 

The behavior  o f  t h e  c a t s  d i f f e r e d  from t h a t  o f  t h e  r a b b i t s  by a more 
r a p i d  onset  of  adapta t ion  t o  weight lessness  and by a g r e a t e r  d i v e r s i t y  of 
i nd iv idua l  r e a c t i o n s .  Cutt ing o f f  v i s i o n  (see t h e  t a b l e )  sharp ly  increased  
t h e  motor a c t i v i t y  of t h e  animals during weight lessness ,  and prolonged t h e  
p e r i o d  of adapt ing t o  it. I f  motor s t imu la t ion  i n  hea l thy  animals disappeared 
dur ing  t h e  s i x t h  t o  e i g h t h  regime of  weight lessness ,  i n  those  animals i n  which 
v i s i o n  was cu t  o f f  dur ing  t h e  f l i g h t s ,  t he  jumps and drumming movements of  t h e  
paws were maintained through t h e  t h i r t y - s i x t h  regime. Beginning with t h e  
t h i r t y - s e v e n t h  regime, t h e i r  eyes were uncovered, and only during t h e  f o r t i e t h  
regime of weight lessness  d id  motor r e a c t i o n  d isappear .  The masks c u t t i n g  o f f  
vis ion were aga in  p laced  on them, bu t  motor s t imu la t ion  no longer  occurred.  
Cu t t i ng  o f f  v i s i o n  i n  r a b b i t s  which had undergone weight lessness  e igh t  t o  t e n  
t imes  wi th  covered eyes d id  no t  cause an inc rease  i n  motor a c t i v i t y  when 
g r a v i t y  disappeared;  i n  c e r t a i n  cases  o f  t h e  observa t ions ,  t h e i r  movements 
were s lugg i sh  and disappeared r a p i d l y .  

In  animals de l abyr in th i zed  i n  t h e  absence of  v i s u a l  compensation of l o s t  
func t ions ,  when t h e  experiments were conducted two t o  t h r e e  days a f t e r  t h e  
ope ra t ion ,  motor a c t i v i t y  during weight lessness  developed; however, ex tens ion  
of t h e  e x t r e m i t i e s  and body was n o t  no ted .  Cutt ing o f f  v i s i o n  under condi- - /56 
t i o n s  of  weight lessness  was ha rd ly  r e f l e c t e d  i n  t h e  behavior  of t h e s e  animals .  

Delabyrinthized animals,  i n  which compensation of  l o s t  func t ions  was t o  a 
s i g n i f i c a n t  degree formed by v i s i o n ,  f l o a t e d  i n  t h e  a i r  q u i e t l y  without 
movements a f t e r  beginning of weight lessness .  I f  t h e  v i s i o n  o f  t h e s e  animals 
was c u t  o f f ,  t hen ,  a s  a r u l e ,  1 .5  s e c  a f t e r  t h e  beginning of weight lessness  
vigorous movements i n  t h e  form of jumps began, and adapta t ion  d i d  not  occur  
even a f t e r  mu l t ip l e  r e p e t i t i o n s  of t h e  experimental regimes. 



THE P E R I Q D  R E Q U I R E D  FOR ADAPTATION TO WEIGHTLESSNESS 
I N  RABBITS A N D  CATS WITH T H E I R  V I S I O N  A N D  VESTIBULAR 

APPARATUS CUT OFF 

Animal 

with cut-off vision 

delabyrinthized with terr no reaction no reaction 
estial visual compensatio 

no reaction 

In t h e  animals with one s i d e  de labyr in th ized ,  vigorous movements 
developed during weightlessness i n  t h e  form o f  asymmetrical jumps with both  
covered and uncovered eyes, independently of  t h e  periods which passed a f t e r  
t h e  opera t ion .  A s  a r e s u l t ,  a r a t h e r  r a p i d  r o t a t i o n  of t h e  animals i n  t h e  a i r  
(1.5-2 revolu t ions  pe r  second) followed. The animals with one l abyr in th  a l s o  
d id  not  adapt t o  weightlessness upon repeated exposure t o  i t .  

Discussion 

Various l i v i n g  c rea tu res  undergo t h e  e f f e c t  of weightlessness r a t h e r  
o f t en  under condit ions of t e r r e s t r i a l  ex is tence .  Moreover, two charac ter -  
i s t i c s ,  t o  a s i g n i f i c a n t  degree determining t h e  r eac t ion  of  animals,  a re  
inherent  t o  such weightlessness:  a) development of weightlessness under 
conditions of f r e e  f a l l i n g ,  which i s  always r e l a t e d  t o  s igna l ing  the  danger 
of a possibZe impact agains t  t h e  ground, and b)  shor tness  of one t o  two 
seconds. 



Comparing t h e  motor r eac t ions  of animals dur ing  f r e e  f a l l i n g  and dur ing  
weight lessness  c r ea t ed  during f l i g h t  experiments,  we can s e e  a  d e f i n i t e  
s i m i l a r i t y ,  In  t h e  second case,  t h e  experiments i nd ica t ed  an inc rease  i n  
h e a l t h y  animals o f  motor a c t i v i t y ,  i n  which two components may b e  d i s -  
t i ngu i shed :  t o n i c  extensory r e a c t i o n  of  t h e  ex t r emi t i e s  and body, and motor 
r e a c t i o n ,  developing i n  a  number of  cases  a t  t h e  second second o f  weight less -  
n e s s  and being manifested i n  r o t a r y  movements of  t h e  t a i l  and i n  jumping and 
running movements. During f r e e  f a l l i n g  under ground condi t ions ,  a  similar 
t o n i c  " l i f t i n g "  r e a c t i o n  develops, which guarantees  a  s a f e r  pos tu re  upon 
impact aga ins t  t h e  ground, and r o t a r y  movements o f  t h e  t a i l  which s t a b i l i z e  
t h e  f a l l i n g  animal i n  t h e  a i r .  

However, being under condi t ions  of weight lessness  f o r  more than  one t o  
two seconds is a phenomenon unfami l ia r  and ex t r ao rd ina ry  f o r  i n h a b i t a n t s  of 
t h e  e a r t h .  The absence o f  g r a v i t y  cont inues t o  be perceived a s  f a l l i n g ,  a s  
i n d i c a t e d  by t h e  animals ma in t a in ing the  extensory r e a c t i o n  and r o t a r y  move- 
ments o f  t h e  t a i l  f o r  s eve ra l  regimes o f  t h e  f l i g h t ;  t h e  s i g n i f i c a n c e  of / 5 7 
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weight lessness  a s  a  danger s i g n a l  e l i c i t s  an i n t e n s e  defens ive  r e a c t i o n  o f  
"running away" i n  t h i s  case.  The extreme expression of such a  r e a c t i o n  may b e  
regarded a s  t h e  r e s u l t  of d i s i n h i b i t i o n  of  t h e  s u b c o r t i c a l  formations:  
r e c i p r o c a l  movements o f  t h e  e x t r e m i t i e s  a r e  c h a r a c t e r i s t i c  f o r  t h e  embryonic 
pe r iod ,  p r i o r  t o  formation of  i n h i b i t i n g  func t ions  of t h e  co r t ex  [ S ] .  

Conditions o f  weight lessness  c r ea t ed  i n  t h e  cabin of an a i r c r a f t  cause a  
c o n t r a d i c t i o n  between s i g n a l s  en t e r ing  from t h e  g r a v i t y  r ecep to r s  and v i s u a l  
in format ion .  While t h e  v e s t i b u l a r  and musculocutaneous ana lyzers  a r e  
" repor t ing"  of f a l l i n g ,  i . e .  o f  dangerous d i s rup t ion  of normal s t a b i l i t y  o f  
t h e  surrounding environment, t h e  v i s i o n  i n d i c a t e s  t h e  absence of  s p a t i a l  
v a r i a t i o n s  -- t h e  same wa l l s ,  f l o o r  and c e i l i n g  a r e  a l l  around, and t h e r e  i s  
no v i s i b l e  f a l l i n g .  

And i f  t h e  s i g n a l s  from t h e  g r a v i t y  r ecep to r s  cause formation of t h e  
desc r ibed  behaviora l  r eac t ions  expressed i n  motor s t imu la t ion  o f  t h e  animals 
and hypertension o f  t h e  ex tensors  o f  t h e  ex t r emi t i e s  and body, v i s u a l  
in format ion  con t r ibu te s  t o  t h e  disappearance o f  t h e s e  r eac t ions  and t h e  
development of  adap ta t ion  t o  weight lessness .  Cut t ing  o f f  v i s i o n ,  a s  i nd ica t ed  
by experiments,  d i s r u p t s  t h e  process  o f  adapta t ion  t o  new g r a v i t a t i o n a l  
cond i t i ons .  

Behavior i n  de labyr in th ized  animals i n  t h e  absence of  t e r r e s t r i a l  v i s u a l  
compensation (replacement) of  l a b y r i n t h  func t ions  i s  formed i n  accordance with 
information e n t e r i n g  from t h e  musculocutaneous ana lyzer  and, poss ib ly ,  from 
t h e  v i s c e r a l  r e c e p t o r s ,  S igna ls  on disappearance of  g r a v i t y  cause motor 
s t i m u l a t i o n  o f  t h e  animal.  The v i s u a l  ana lyzer  i n  a  given case  has no 
d e c i s i v e  e f f e c t  on t h e  process  of  behavior  formation; not  be ing  dominant i n  
animals,  i t  may even lo se  i t s  s i g n i f i c a n c e  during development s f  adap ta t ion  
due t o  d i s r u p t i o n  of  t h e  func t iona l  wholeness o f  t h e  ana lyzer  system from t h e  
p o s i t i o n  of t h e  body moving i n  space.  



When the re  is t e r r e s t r i a l  v i s u a l  compensation a f t e r  a labyrinthectomy 
and maintaining of v i s u a l  funct ion  during f l i g h t ,  motor s t imula t ion  during 
weightlessness does no t  develop. In a given va r i an t  of t h e  experiment t h e  
v i s u a l  analyzer ,  becoming dominant, provides information i n  s p a t i a l  ana lys i s  
about the  s t a b i l i t y  of the  surrounding environment during weightlessness,  
which excludes t h e  development of motor s t imula t ion .  

The experiments wi th  a labyrinthectomy on one s i d e  a l s o  support t he  given 
opinion about t h e  i n t e r a c t i o n  of analyzers  during weightlessness.  Due t o  
r o t a t i o n  developing i n  animals i n  t h e  absence of support during weightless-  
ness,  t he  organ o f  v i s i o n  becomes independent i n  evalua t ing  t h e  s t a b i l i t y  of  
surrounding ob jec t s ;  moreover, t h e  funct ional  asymmetry o f  t h e  l abyr in ths  i s  - /58 
an addi t ional  reason f o r  s p a t i a l  d i s t o r t i o n s .  As a r e s u l t ,  vigorous motor 
r eac t ion  develops i n  these  animals a f t e r  disappearance of  g rav i ty  without any 
s ign  of adapting a f t e r  repeated regimes of weightlessness.  

I t  should be noted t h a t  cu t t ing  o f f  t h e  v i s ion  of hea l thy  animals which 
have experienced weightlessness with uncovered eyes does not  cause t h a t  
ex tent  of motor s t imula t ion  which is  inherent  t o  animals which have always 
been under these  condit ions with covered eyes.  Consequently, no t  only v i sua l  
s igna l s ,  but  a l s o  v i s u a l  memory about t h e  s t a b i l i t y  of the  surrounding 
environment may con t r ibu te  t o  adaptat ion t o  weightlessness.  

In  conclusion it should be noted t h a t  t h e  nonuniform per iod  o f  adapta t ion  
t o  weightlessness i n  r a b b i t s  and c a t s  i s  i n  our opinion the  consequence of 
d i f f e r e n t  s ign i f i cance  of v i s ion  i n  t h e  s p a t i a l  analys is  of these  animals.  
Due t o  t h e  h igher  evolut ionary level  of development and ecological  charac ter -  
i s t i c s  of c a t s  as  carn ivores ,  t h e i r  v i s i o n  i s  of g r e a t e r  s ign i f i cance  than 
t h a t  o f  r a b b i t s .  On t h e  o the r  hand, t h e  v e s t i b u l a r  analyzer of c a t s  possesses 
supe r io r  adaptive c a p a b i l i t i e s  when compared t o  rodents  [ I ] .  
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INVESTIGATION OF THE ADJUSTABLE REFLEXES 
OF ANIMALS D U R I N G  WEIGHTLESSNESS 

b. A.  Kitayev-Smyk 

ABSTRACT. Experiments on c a t s  and r a b b i t s  during weight- 
l e s snes s  in a  parabol ic  t r a j e c t o r y  showed the  fol lowing:  
1 )  a  s equen t i a l  v e s t i b u l a r  ad jus t ing  r eac t ion  w h i s h  b r ings  
about the  " ro t a t ion  react ion" a f t e r  disappearance of grav- 
i t y ;  2 )  a  v e s t i b u l a r  ad jus t ing  r eac t ion  which s t a b i l i z e s  
t he  pos i t i on  of the  head i n  space during weight lessness ;  
3 )  a ce rv i ca l  ad jus t ing  reac t ion  which causes s t r a i g h t e n i n g  
of t he  head and body w i t h  respec t  t o  t he  a x i s  of the  animal.  

The cons tan t  e f f e c t  of g r a v i t y  determined t o  a  s i g n i f i c a n t  degree t h e  - /59 
s t r u c t u r e  o f  organisms inhab i t i ng  t h e  e a r t h ,  a s  we l l  a s  t h e i r  c a p a b i l i t i e s  f o r  
locomotion. The motor apparatus  o f  animals permits  them t o  overcome 
t e r r e s t r i a l  g r a v i t y ,  t h e  d i r e c t i o n  o f  t he  f o r c e  of g r a v i t y  serv ing  i n  t h i s  
case a s  t h e  most important s p a t i a l  o r i e n t i n g  p o i n t .  The complex system of 
motor r e f l e x e s  which guarantees  normal v i t a l  a c t i v i t y  of  animals and man under 
condi t ions  o f  n a t u r a l  g r a v i t a t i o n  has been r a t h e r  wel l  s tud ied  a t  p r e s e n t .  A s  
space f l i g h t  has  developed i n  recent  yea r s ,  t h e  n e c e s s i t y  f o r  prolonged normal 
func t ioning  of t h e  motor apparatus  of  man during weight lessness  has  a r i s e n .  

A s p e c i a l  case  o f  t h i s  problem i s  s tudy  o f  how t h e  ad jus t ab le  r e f l e x e s ,  
i . e .  t h e  r e f l e x e s  ins t rumenta l  i n  s t a b i l i z a t i o n  o f  an organism with r e spec t  t o  
any g r a v i t a t i o n a l  o r i e n t i n g  po in t  (under e a r t h  condi t ions  with r e spec t  t o  
v e r t i c a l  d i r e c t i o n ) ,  a r e  accomplished a f t e r  g r a v i t y  has  disappeared.  

We know t h a t  during t h e  very i n i t i a l  per iod  of t h e  e f f e c t  of  weight less -  
ness  (under e a r t h  condi t ions  t h i s  occurs  during f r e e  f a l l i n g )  animals r e t a i n  
t h e  c a p a b i l i t y  t o  o r i e n t  themselves with r e spec t  t o  t h e  v e r t i c a l .  Thanks t o  
t h i s  t h e  " r o t a t i o n  r eac t ionH and landing "on t h e  fee t" ,  i . e ,  i n  a  p o s i t i o n  
l e s s  dangerous upon impact with t h e  ground, a r e  r e a l i z e d .  When f a l l i n g  i s  
more prolonged, o r i e n t a t i o n  of an animal r i g h t  s i d e  up i s  enhanced by  r o t a r y  
motions of  t h e  t a i l  which s t a b i l i z e  t h e  animal wi th  r e spec t  t o  t h e  counterf low 
of  a i r .  

When t h e  f o r c e  o f  g r a v i t y  i s  p a r t i a l l y  decreased and an animal r e s t r a i n e d  
by t h e  body i s  dropped, t h e  so -ca l l ed  " l i f t i n g  r eac t ions"  develop: animals 
s t r a i g h t e n  t h e i r  e x t r e m i t i e s ,  spread t h e i r  t o e s  and r a i s e  t h e i r  heads -- a 
p o s i t i o n  l e s s  dangerous upon landing [9 ] .  

Gerathewohl and S t a l l i n g s  [ 7 ]  r epo r t ed  t h a t  during experiments when 
f l y i n g  i n  a n  a i r c r a f t  a long a  Kapler parabola ,  t h e  " r o t a t i o n  reac t ion"  i n  Cats 
was r e t a i n e d  f o r  28-22 s e c  of weight lessness ,  a f t e r  which it disappeared,  i n  
t h e  opinion of t h e  authors a s  a  r e s u l t  o f  adap ta t ion  t o  weight lessness .  When 



i n v e s t i g a t i n g  r eac t ions  t o  progress ive  motions i n  c a t s  during weight lessness ,  
Schock d i d  not  d e t e c t  them under t h e s e  condi t ions .  Many authors  have shown 
t h a t  t h e  t y p i c a l  p o s i t i o n  f o r  animals during weight lessness  is  t h a t  s i m i l a r  t o  @ 
a " l i f t i n g "  motor r e a c t i o n ,  i , e .  extension of t h e  ex t r emi t i e s  and body i s  
observed; r o t a r y  movements o f  t h e  t a i l  and s i g n i f i c a n t  a g i t a t i o n  a r e  a l s o  
noted  [ 6 ,  81 . 

Thus, t h e  p o s i t i o n  and na tu re  o f  motor a c t i v i t y  o f  animals i n d i c a t e s  
t h e i r  percept ion  of  weight lessness  a s  f r e e  f a l l i n g .  Howevzr, 4isappearance of 
g r a v i t y  f o r  more than  one t o  two seconds f o r  i n h a b i t a n t s  o f  t h e  e a r t h  i s  an 
un fami l i a r  phenomenon. During prolonged weight lessness ,  a d j u s t a b l e  r e a c t i o n s  
which develop during i t s  i n i t i a l  e f f e c t  must undoubtedly undergo changes which 
may be r e f l e c t e d  i n  t h e  c h a r a c t e r i s t i c s  of an an imal ' s  e n t i r e  motor func t ion .  

This  paper  is  devoted t o  i n v e s t i g a t i n g  t h e  c h a r a c t e r i s t i c s  o f  development 
o f  a d j u s t a b l e  r eac t ions  o f  animals during weight lessness  c r ea t ed  during 
p a r a b o l i c  f l i g h t s .  I t  was necessary t o  expla in  how long t h e  o r i e n t i n g  e f f e c t  
o f  g r a v i t y  cont inues t o  a f f e c t  t h e  ad jus t ab le  r e a c t i o n s  of an animal a f t e r  it 
d i sappea r s ,  which i s  an o r i e n t i n g  po in t  f o r  a d j u s t a b l e  r e a c t i o n s  during 
weight lessness .  

We regard t h e  "Hellungref lex" of  Magnus [3] as  "ad j u s t  ab l e  reac t ions" ;  we 
r e c a l l  t h a t  some Russian au thors  t r a n s l a t e  t h i s  term as  " r e c t i f y i n g  reac-  
t i o n s "  ( f o r  example, Samoylov and Komendantov). 

Met hod 

The s t a t e  o f  weight lessness  was c rea t ed  i n  t h e  cabin  of  an a i r c r a f t  
du r ing  f l i g h t s  along a  p a r a b o l i c  t r a j e c t o r y .  Duration of  each per iod  of  
weight lessness  was 25-30 sec .  Weightlessness was preceded and a l s o  followed 
by a  g-force of  1 .5-1.8 g l a s t i n g  15-18 sec .  S ix  t o  e i g h t  per iods  of 
weight lessness  were accomplished during each f l i g h t .  The f l i g h t s  were 
conducted no more than  one p e r  day. 

The experiments were c a r r i e d  ou t  on t h r e e  hea l thy  c a t s  and s i x  hea l thy  
r a b b i t s ,  and on two de l abyr in th i zed  c a t s  and t h r e e  de l abyr in th i zed  r a b b i t s .  
A l l  animals were adapted t o  t h e  e f f e c t  of weight lessness ,  i . e .  t h e i r  motor 
a c t i v i t y  d i d  not  vary  when g r a v i t y  disappeared.  

The fol lowing s e r i e s  o f  experiments was conducted. 

1. Before t h e  onset  of weight lessness  t h e  animal was r e s t r a i n e d  by t h e  
body and head i n  an  upside-down p o s i t i o n .  During t h e  per iods  o f  weight less -  
n e s s ,  a f t e r  d i f f e r e n t  i n t e r v a l s ,  t h e  animal was f r e e d  from i t s  r e s t r a i n t .  The 
presence  of  t h e  " r o t a t i o n  r eac t ion"  was determined. 

2 .  I n  t h e  absence o f  g r a v i t y ,  t h e  animal r e s t r a i n e d  by t h e  body r o t a t e d  
around i t s  long i tud ina l  a x i s ,  Adjustment sf t h e  head was d e t e m i n e d .  
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3 ,  Before t h e  onset  of weight lessness ,  t h e  animal was r e s t r a i n e d  by t h e  
body and t h e  head, t he  head be ing  turned  90" with r e spec t  t o  t h e  body around 
i t s  l ong i tud ina l  w.is. During weight lessness  t h e  animal was f r eed  from 
r e s t r a i n t ,  and t h e  c h a r a c t e r i s t i c s  of s t r a i g h t e n i n g  were a sce r t a ined .  

4. In  t h e  absence o f  g r a v i t y ,  observa t ions  were c a r r i e d  out  on animals 
f l o a t i n g  near  t h e  f l o o r ,  wal l s  o r  c e i l i n g  of  t h e  a i r c r a f t  cab in ,  The presence  
o f  v i s u a l  a d j u s t i n g  r eac t ions  was a sce r t a ined .  

5 .  Dur ingpe r iodso f  weight lessness ,  r e a c t i o n s  t o  progress ive  movements 
were i n v e s t i g a t e d  -- a)  of t h e  head, b) l i f t i n g  r e a c t i o n s ,  and c) r ead ines s  t o  
jump . 

6.  Within t e n  t o  f i f t e e n  seconds a f t e r  t h e  beginning of weight lessness ,  
t h e  animal was r e s t r a i n e d  by t h e  body and head, was r o t a t e d  wi th in  0.3-0.5 s e c  
by 180" around t h e  long i tud ina l  a x i s  of  t h e  body and immediately f r e e d .  The 
ensuing r e a c t i o n  o f  t h e  animal was a sce r t a ined .  

The s t a t e  of t h e  v e s t i b u l a r  ana lyzer  i n  a l l  animals was detemnined under  
t h e  na tu ra l  f o r c e  of g r a v i t y  be fo re  and a f t e r  t h e  f l i g h t  experiments.  A t o t a l  
of 240 experiments was conducted under condi t ions  o f  weight lessness ,  and 
170 under n a t u r a l  g r a v i t y .  An opaque mask was p laced  over t h e  eyes of  t h e  
animals during a l l  experiments on t h e  c a t s ,  with t h e  except ion of i n v e s t -  
i g a t i n g  v i s u a l  adjustment during weight lessness ,  The experiments on t h e  
r a b b i t s  were c a r r i e d  out with and without v i s i o n  being cut  o f f .  

The r e s u l t s  o f  a l l  t h e  experiments were recorded on movie f i lm  (with 
sequen t i a l  frame i n t e r p r e t a t i o n ) ,  and were a l s o  con t ro l l ed  v i s u a l l y .  

The Resul ts  o f  the Experiments 

The f i r s t  s e r i e s .  The " r o t a t i o n  reac t ion"  developed i n  hea l thy  animals 
upon r e l e a s e  from r e s t r a i n t  no more than  4-5 s e c  a f t e r  t h e  beginning o f  
weight lessness .  This  r eac t ion  was absent  i n  de l abyr in th i zed  animals.  

The second s e r i e s .  During forced  r o t a t i o n  during weight lessness  of  an 
animal with i n t a c t  l aby r in th ,  i t s  un res t r a ined  head lagged t h e  body i n  
r o t a t i o n .  The head stopped r o t a t i n g ,  coming t o  a  s t r a i g h t - l i n e  p o s i t i o n  wi th  
r e spec t  t o  t h e  body, wi th in  one t o  t h r e e  seconds a f t e r  t h e  body had stopped 
r o t a t i n g .  Lag o f  t h e  head during r o t a t i o n  o f  t h e  animal was not  observed 
a f t e r  d e l a b y r i n t h i z a t i o n  (Figure 1 ) .  

The t h i r d  s e r i e s .  When a  hea l thy  animal with t h e  head r o t a t e d  beforehand - /64 
i s  r e l ea sed  during weight lessness ,  t h e  head remains immobile, and t h e  body 
r o t a t e s  t o  a s t r a i g h t - l i n e  p o s i t i o n  with r e spec t  t o  t h e  head. On t h e  o t h e r  
hand, a  de l abyr in th i zed  animal r o t a t e s  t h e  head while  t h e  body remains 
immobile (Figure 2 )  , 



The fou r th  s e r i e s ,  Visua l  
ad jus t ing  r eax t ion  during weight- 
l e s snes s  i n  t he  form o f  r o t % t i o n ,  
a f t e r  which t h e  l egs  of  t h e  znimal 
were d i r e c t e d  toward t h e  n e a r e s t  
su r f ace  (independent sf whether 
it was t h e  f l o o r ,  wal l  o r  c e i l i n g ) ,  
was manifested i n  a l l  animals ,  I t  
was more expressed i n  c a t s .  This  
r e a c t i o n  i n  r a b b i t s  appeared i n  
cases  when they  f l o a t e d  no t  more 
than  10 cm from any su r f ace  
(Figure 3 ) .  

The f i f t h  s e r i e s .  Reactions 
t o  p rog res s ive  movements dur ing  
weight lessness  were no t  de t ec t ed  i n  
our  experiments.  

The s i x t h  s e r i e s .  I f  an 
animal wi th  i n t a c t  l aby r in ths  was 
r e l e a s e d  i n  weight lessness  a f t e r  
r ap id  (wi th in  0.3-0.5 see )  r o t a t i o n  
by 180°, it developed motions which 
r o t a t e d  it i n  an oppos i te  d i r e c t i o n  
and which continued u n t i l  t h e  end 
of t h e  per iod  (15-20 s e c ) .  Removal 
o f  t h e  mask i n t e n s i f i e d  t h e s e  
movements. Disordered movements, 
not  r e s u l t i n g  i n  r o t a t i o n ,  appeared 
i n  de l abyr in th i zed  animals upon 
t h e i r  r e l e a s e  a f t e r  r a p i d  r o t a t i o n .  

Rotat ions o f  animals upon 
" r o t a t  i on  r e a c t i o n t t  during v i s u a l  
o r i e n t a t i o n  and during experiments 
o f  t h e  s i x t h  s e r i e s  were accom- 
p l i shed  wi th  t h e  he lp  of " twist ing" 
movements of t h e  e n t i r e  body, which 
began a t  t h e  head, then  t h e  f r o n t  
p a r t  of t h e  body was drawn i n t o  

Figure 1 .  Experiment of the  Second t h i s  movement, and f i n a l l y  t h e  
S e r i e s .  A ,  Healthy animal; B, Delab- caudal p a r t .  
y r in th i zed  animal. Sequence of 
frames i s  top t o  bottom. Explanations The presence of r o t a r y  move- - /65 
a r e  i n  t he  t e x t .  ments of t h e  t a i l ,  i n  which 

it descr ibed  a  cone, should a l s o  be  
noted i n  c a t s  i n  t h e  absence o f  

g r a v i t y  (before they begin t o  adapt t o  weight lessness) .  These movements a r e  
always accompanied by s o t a t i o n  o f  t h e  body i n  t h e  oppos i t e  d i r e c t i o n .  



Movements ~f t h e  t a i l  ceased as 
t h e  ca t s  adapted t o  t h e  absence o f  

A grav i ty ,  but  t h e  t a i l  remained 
s t ra ightened i n  a dor sa l  d i r e c t i o n  
f o r  some time. 

No devia t ions  from p r e f l i g h t  
condit ions were observed upon 
examination of the  v e s t i b u l a r  
s t a t u s  of  animals a f t e r  t h e  
experimental f l i g h t s .  Signs of 
f a t i g u e  and an inc rease  i n  
defensive reac t ions  were noted i n  
c a t s  a f t e r  t h e  f l i g h t s .  

Discussion 

I n  both ground condit ions and 
during t h e  f i r s t  seconds of 
parabol ic  f l i g h t ,  t h e  " ro ta t ion  
reac t ion"  o f  animals is  manifested 
when accelera t ions  do no t  a f f e c t  
t h e  g r a v i t y  r ecep to r s ,  because t h e  
r eac t ion  of foo t ing  i s  lacking 
during f r e e  f a l l i n g  and weight- 
l e s sness .  The t r i g g e r i n g  
mechanism of t h e  " ro ta t ing  
reac t ion"  is  apparently t h e  
sequent ia l  e f f e c t  of  s t imula t ion  
of t h e  o t o l i t h s  by fo rces  of 
g rav i ty ,  which occurs  before  onse t  
of weightlessness.  The following 
f a c t  supports  t h i s  viewpoint:  
t h e  " ro ta t ing  reac t ion"  appeared 
i n  animals only during the  f i r s t  
four t o  f i v e  seconds o f  weight- 
l e s sness ,  and was absent  i n  
delabyrinthized animals.  

I f  t h e  s t imulus (gravi ty)  was 
absent  f o r  4-5 sec ,  t h e  " ro ta t ion  
reac t ion"  d id  not develop. 

Figure 2. Experiment of the  Third Moreover, upon forced r o t a t i o n  of  
Se r i e s .  The nota t  ions a r e  the same a s  t h e  animal 's body, i t s  head 
i n  Figure 1 .  maintained i t s  previous p o s i t i o n  

f o r  some time, i . e .  t h e r e  were 
e f f e c t s  which prevented r o t a t i o n  

of t h e  head and which s t a b i l i z e d  it i n  i t s . i n i t i a 1  pos i t ion ;  i n  de labyr in th-  
ized  animals t h e  head ro ta t ed  together  with t h e  body. This means t h a t  bes ides  



Figure 3 .  Exper- 
iment of t h e  Fourth 
Ser i e s  ( ~ i  sual 
Adjusting Reaction 
of Heal thy Animal). 
Sequence of t he  
frames i s  top  to 
bottom. 

t h e  ind ica t ed  sequen t i a l  ad jus t ing  " ro t a t ion  r e a c t i o n "  
during prolonged weight lessness ,  v e s t i b u l a r  r e f l e x e s  
which s t a b i l i z e d  t h e  head i n  space ,  and c e r v i c a l  
r e f l e x e s  which maintain rhe s t r a i g h t  p o s i t i o n  o f  t h e  
head and body with r e spec t  t o  each o t h e r  t ake  p l ace .  
Both types  o f  r e f l e x e s  must overcome t h e  " r o t a t i o n  
r eac t ion t9 .  The i r  e f f e c t  begins t o  b e  r e f l e c t e d  a t  t h e  
f o u r t h  o r  f i f t h  second of weight lessness ,  probably,  i n  
propor t ion  t o  a t t enua t ion  o f  t h e  s e q u e n t i a l  e f f e c t  o f  
g r a v i t y .  I f  t h e  head and body of an animal a r e  
arranged i n  a s i n g l e  s a g i t t a l  p l ane  during weight less -  
nes s ,  l aby r in th ine  and c e r v i c a l  r e f l e x e s  a c t  i n  t h e  
same d i r e c t i o n ,  s t a b i l i z i n g  t h e  p o s i t i o n .  In  t h e  
case  when t h e  head i s  r o t a t e d  with r e s p e c t  t o  t h e  body, 
they  a r e  i n  c o n f l i c t .  I f  i n  t h i s  case  t h e  animal 
f l o a t s  f r e e l y  i n  t h e  a i r ,  t h e  v e s t i b u l a r  r e a c t i o n  i s  
predominant - - t h e  body r o t a t e s  whi le  t h e  head remains /66 
immobile. When t h e  body i s  r e s t r a i n e d ,  t h e  head 
r o t a t e s  a f t e r  one t o  t h r e e  seconds ( to  a  s t r a i g h t  
p o s i t i o n  wi th  r e spec t  t o  t h e  body),  i . e .  t h e  c e r v i c a l  
a d j u s t i n g  ( r e c t i f y i n g )  r e a c t i o n  predominates upon 
prolonged s t imu la t ion  of  t h e  propr ioceptors  o f  t h e  
c e r v i c a l  muscles.  

A t t en t ion  i s  drawn t o  t h e  disagreement of d a t a  
about t ime, dur ing  which t h e  " r o t a t i o n  r eac t ion t '  i s  
r e t a i n e d  i n  animals during weight lessness ,  i n  t h i s  
paper and i n  t h a t  of  Gerathewohland S t a l l i n g s  [7] .  I n  
connection with t h i s  one should cons ider  t h e  exper- 
imental method of t h e  American au thors .  As they  
r epor t ed ,  during weight lessness  t h e  experimenter 
grasped t h e  animal by t h e  s k i n  of  t h e  back, r o t a t e d  it 
by 180" around t h e  long i tud ina l  a x i s ,  then  r e l e a s e d  it. 
The animal t hus  r o t a t e d  independent ly i n  t h e  a i r ,  
assuming i t s  previous p o s i t i o n .  The experimenter 
caught t h e  animal by t h e  back and repea ted  t h e  manipul- 
a t i o n ,  a f t e r  which t h e  same r e a c t i o n  followed. The 
ac t ions  of  t h e  experimenter were repea ted  e i g h t  t o  
twelve times f o r  20-22 s e c ,  a f t e r  which t h e  animal 
stopped r o t a t i n g  independently i n  t h e  a i r .  I t  seemed 
t h a t  i n t e n s e  a g i t a t i o n  of  t h e  animal was observed 
during t h e  experiment. Disappearance o f  t h e  " r o t a t i o n  
r e a c t i o n t t  i n  t h e  experiments o f  t h e  au thors  c i t e d  i s  
i n  ou r  opinion l e a s t  of a l l  r e l a t e d  t o  adapta t ion  of  
t h e  animals t o  condi t ions  of weight lessness .  The 
r e t u r n  of  t h e  animal t o  i t s  i n i t i a l  p o s i t i o n  occurred 
f o r  a  number of  reasons .  Gerathewohl and S t a l l i n g s  
noted t h a t  t h e  head o f  t h e  animal lagged during 
r o t a t i o n  of t h e  body, which was be ing  r o t a t e d  by t h e  
experimenter.  Consequently, t h e  r eve r se  r o t  a t  i on ,  



beginning a t  t h e  f i f t h  o r  s i x t h  second of t h e  per iod  o f  weight lessness ,  was 
apparent ly  accomplished due t o  t h e  a d j u s t i n g  v e s t i b u l a r  and c e r v i c a l  t o n i c  
r e f l e x e s  descr ibed  i n  t h i s  paper.  Moreover, t h e  vigorous r o t a t i o n  o f  t h e  
animal may cause ehe r e a c t i o n  o f  counter  r o r a t i o n  a l s o  descr ibed  i n  t h i s  
r e p o r t .  F ina l ly ,  t h e  v i s i o n  o f  t h e  animals i n  a  number of  experimeilts by t h e  
American au thors  was not  shut  o f f ;  t h u s ,  t h e  " ro t a t ion  reac t ion"  could s t i l l  
develop due t o  t h e  v i s u a l  ad jus t ing  r e a c t i o n  r e t a i n e d  and we l l  expressed i n  
c a t s  dur ing  weight lessness .  

The ques t ion  a r i s e s  a s  t o  why t h e  animals stopped r o t a t i n g  t o  t h e i r  
i n i t i a l  p o s i t i o n  a f t e r  t h e i r  forced r o t a t i o n  a t  t h e  twent ie th  t o  twenty-second 
second of weight lessness ,  F i r s t ,  r e a c t i o n s  o f  c a t s  t o  v e s t i b u l a r  s t i m u l a t i o n  
d isappear  a f t e r  s eve ra l  r o t a t i o n s ,  i n  d i s t i n c t i o n ,  f o r  example, from 
rodents ,  i n  which t h e s e  r eac t ions  a r e  very  s t a b l e  [ I ] .  Secondly, t h e  
s i n g u l a r i t y  of  t h e  s t a t e  of weight lessness ,  f requent  touching of  t h e  animal 
and repea ted  r o t a t i o n s  of i t ,  which were e s p e c i a l l y  v e r i f i e d  during p a r a b o l i c  
f l i g h t s  i n  ou r  experiments,  a t  f i r s t  evoke i n t e n s e  s t imu la t ion ,  and then  r a p i d  
f a t i g u e  of  t h e  animal. Even a f t e r  conducting experiments by t h e  Gerathewohl 
and S t a l l i n g s  method during two t o  t h r e e  per iods  o f  weight lessness  w i t h i n  a  /67 
s i n g l e  f l i g h t ,  t h e  tendency of c a t s  t o  h i d e ,  which a t  f i r s t  occurred du r ing  
t h e  breaks between t h e  per iods ,  disappeared;  they  l a y  a p a t h e t i c a l l y  on t h e  
f l o o r ,  b rea th ing  hard ,  and from time t o  t ime meowing loudly.  Motor r e a c t i o n s ,  
inc luding  t h e  " r o t a t i o n  reac t ion"  i n  such a  s t a t e ,  could undoubtedly b e  
suppressed. Thus, t h e  " r o t a t i o n  r eac t ion"  i n  t h e  experiments of Gerathewohl 
and S t a l l i n g s  apparent ly  disappeared not  a s  a  r e s u l t  of t h e  an imal ' s  becoming 
adapted t o  weight lessness ,  bu t  due t o  ove r fa t igue  and t h e  development o f  
i n t e r n a l  i n h i b i t i o n .  

The r epor t  o f  Schock [ l o ]  was mentioned above, about t h e  absence of  
r eac t ions  t o  progress ive  movements during b r i e f  per iods  o f  weight lessness .  We 
a l s o  d i d  not  d e t e c t  t h e s e  r e a c t i o n s .  But t hey  apparent ly  may no t  b e  expected 
during weight lessness  i n  t h e i r  u sua l  form, because when an animal i s  dropped 
r i g h t  s i d e  up ( i n  t h e  v e n t r a l  d i r e c t i o n )  under ground condi t ions ,  t h e  p re s su re  
of t h e  o t o l i t h  on t h e  sensory f i lament  o f  t h e  u t r i c l e s  decreases ,  and during 
weight lessness  t r a n s f e r  of t h e  animal t o  a  v e n t r a l  d i r e c t i o n  causes t h e  
sensory f i l amen t s  t o  b e  extended, r a t h e r  t han  a  decrease of p r e s s u r e  on them. 
The absence o f  apparent  motor r eac t ions  t o  progress ive  movements may i n d i c a t e  
a  decrease  i n  muscular r e a c t i v i t y  during condi t ions  of  weight lessness  i n  
animals which have become adapted t o  t h e s e  condi t ions  [5 ] .  

Development of t h e  coun te r ro t a t ion  r e a c t i o n  i n  t h e  absence of g r a v i t y  
i n d i c a t e s  t h a t  t h e  cupular  func t ion  i s  r e t a i n e d  under t hese  cond i t i ons .  
Presexvat ion dur ing  weight lessness  o f  t h e  c e n t r a l  i n t e g r a t i v e  func t ions  o f  t h e  
nervous system o f  animals adapted t o  weight lessness  i s  ind ica t ed  by t h e  
a c t i v i t y  of t h e i r  behavior ,  and by t h e  development o f  v i s u a l  a d j u s t i n g  and 
grasping r e a c t i o n s  under t h e s e  cond i t i ons .  

Thus, t h e  d a t a  of  t h i s  r epo r t  i n d i c a t e  t h e  ex i s t ence  of 1)  a  s e q u e n t i a l  
ves"ebular ad jus t ing  r e a c t i o n  which b r ings  about t h e  " r o t a t i o n  r eac t ion"  
wi th in  4-5 s e c  a f t e r  t h e  disappearance of  g r a v i t y ,  2)  t h e  v e s t i b u l a r  a d j u s t i n g  



r e a c t i o n  which s t a b i l i z e s  t h e  p o s i t i o n  of t h e  head i n  space during weight- 
lessness,  and 3) a c e r v i c a l  ad jus t ing  r e a c t i o n  which causes t h e  head and body 
lo s t r a i g h t e n  with r e spec t  t o  t h e  long i tud ina l  a x i s  of t h e  animal.  The 
$"restibula,r  reaction i s  dominant duering f r e e  f l o a t i n g  o f  t h e  animal; t h e  
c e r v i c a l  ad jus t ing  r e a c t i o n  predominates when t h e  body i s  r e s t r a i n e d .  Both o f  
t h e s e  r eac t ions  i n h i b i t  t h e  " ro t a t ion  ~ e a c t i o n , ~ '  con t r ibu t ing  t o  i t s  suppres-  
s i o n  i n  propor t ion  t o  a t t e n u a t i o n  of s e q u e n t i a l  s t imu la t ions  i n  t h e  v e s t i b u l a r  
analyzer .  
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ON THE PROBLEM OF THE INTERACTION MECHANISMS OF 
TWE V!  SUAL AND VEST! B U L A R  ANALYZERS 

N, G ,  Medvedeva 

ABSTRACT. The problem of the poss ib l e  mechanism of i n t e r -  
a c t i o n  of the  v isua l  and v e s t i b u l a r  ana lyzers  is considered.  
The b i o e l e c t r i c  po ten t i a l  of var ious  regions of t he  b r a i n  
and r e t i n a  a r e  recorded i n  a  s t a t e  of r e s t ,  and during 
s i n g l e  and rhythmic l i g h t  s t imu la t ions  i n  heal thy and mute 
s u b j e c t s .  The author  concludes t h a t  i n t e r a c t i o n  of t h e s e  
ana lyzers  takes place a t  t he  level  of t he  co r t i ca l - sub -  
c o r t i c a l  ana lyzer  systems. 

Since t h e  in t roduc t ion  and founding of t h e t e r m  " i n t e r a c t i o n  of  a f f e r e n t  
systems" by L.  A. Orbe l i ,  t h i s  problem has been on t h e  mind o f  both Russian 
and fo re ign  s c i e n t i s t s .  

While concerned with s tudy o f  t h e  i n t e r a c t i o n  mechanisms of  t h e  
ana lyzers ,  S. V. Kravkov [3] recognized t h e  following p o s s i b l e  methods of  
t r a n s m i t t i n g  s t i m u l i :  1)  t h e  ephapt ic  method - -  d i r e c t  t r a n s f e r  o f  s t imula-  
t i o n  from one nerve f i b e r  t o  another  ( t h i s  p o s s i b i l i t y  was shown i n  amyelinic  
nerve f i b e r s  [IS-17, IS ] ) ,  2) i n t e r c e n t r a l  connections, 3) t h e  v e g e t a t i v e  
method [ 3 ,  17, 191, 4) t h e  humoral method, and 5) sensory condit ioned 
r e f l e x e s  -- t h e  ce reb ra l  co r t ex  [S ]  . 

Long known v e s t i b u l a r  t e s t s ,  accompanied by v a r i a t i o n  o f  t h e  motor 
a c t i v i t y  o f  t h e  eyes,  a r e  r e l a t e d  t o  t h e  a r ea  of i n t e r a c t i o n  o f  t h e  v i s u a l  and 
v e s t i b u l a r  ana lyzers .  

The work o f  Ye. M. Be los to tsk iy  e t  a l .  [2] i nd ica t ed  t h a t  s t i m u l a t i o n  o f  
t h e  v e s t i b u l a r  analyzer  i n  people wi th  normal hear ing  a l t e r s  t h e  l i g h t  
s e n s i t i v i t y  o f  an eye adapted t o  darkness .  

I t  has  become of  p a r t i c u l a r  i n t e r e s t  t o  expla in  t h e  na tu re  o f  t h e  v a r i -  
a t i o n s  i n  d i f f e r e n t  s ec t ions  of t h e  v i s u a l  ana lyzer  upon s t imu la t ion  o f  t h e  
v e s t i b u l a r  analyzer ,  which was a l s o  t h e  t a s k  of  t h e  given i n v e s t i g a t i o n .  

When s tudying  t h e  v a r i a t i o n s  of t h e  func t iona l  s t a t e  of t h e  ana lyzers  
due t o  t h e  inf luence  of d i f f e r e n t  e f f e c t s ,  d i f f e r e n t  methods of  r e sea rch ,  
inc luding  e l ec t rophys io log ica l ,  a r e  u t i l i z e d  [2,  4 ,  7,  8-14]. 

In  o r d e r  t o  so lve  t h e  s t a t e d  problem, t h e  e l ec t rophys io log ica l  complex 
method of i n v e s t i g a t i o n  was u t i l i z e d  - -  simultaneous r e g i s t r a t i o n  of b io -  
e l e c t r i c  p o t e n t i a l s  of  t h e  r e t i n a  and t h e  ce reb ra l  cor tex .  B i o e l e c t r i c  
c u r r e n t s  of t h e  b r a i n  from t h e  f r o n t a l ,  p a r i e t a l ,  o c c i p i t a l  and temporal 
reg ions  with b iopo la r  de r iva t ion ,  and b iopo la r  p o t e n t i a l s  o f  t h e  r e t i n a  i n  a 



s t a t e  of r e l a t i v e  r e s t  a s  we l l  as  upon t ransmiss ion  of  s ingu la r  and rhythmic 
l i g h t  skimulat lons (frequency from 5 t o  30 Hz, dura t ion  of 5-8 s e c  wi th  an 
i n t e r v a l  of 5-8 sec )  were recorded. Recording was conducted on a mult ichannel  
e lectroencephalograph before  and a f t e r  r o t a t i o n  of  t h e  t e s e  s u b j e c t  on a 
Barani c h a i r  ( t e n  r evo lu t ions  p e r  20 s e c ) .  Research was c a r r i e d  out  on 
58 s u b j e c t s  - -  11 hea l thy  and 47 deaf1.  The r e s u l t s  o f  v a r i a t i o n s  i n  t h e  
e lec t rore t inogram (ERG) were processed by t h e  s t a t i s t i c a l  method o f  Student 
f o r  small  samples. ERG record ing  was accomplished by t h e  method descr ibed  
previous ly  [S, 9,  3.01 , 

Indices  o f  t h e  func t iona l  s t a t e  of t h e  c e r e b r a l  co r t ex  were t h e  frequency 
and amplitude of t h e  rhythm o f  r e s t  and t h e  r e a c t i o n  o f  b iocu r ren t  rear range-  
ment i n  response t o  rhythmic l i g h t  s t imulus and a s i n g l e  l i g h t .  I nd ices  o f  
t h e  func t iona l  s t a t e  o f  t h e  r e t i n a  were t h e  n a t u r e  of  t h e  ERG ( t h e  amplitude 
o f  wave b ,  i t s  pe r iod ,  culminat ion,  and l a t e n c y  pe r iod ) ,  and a l s o  a s s imu la t ion  
o f  t h e  r e t i n a  of  rhythmic l i g h t  f l a s h e s .  

Analysis o f  t h e  d a t a  obta ined  i n d i c a t e s  t h a t  normal a rhythm a t  a 
frequency of 9-10 o s c i l l a t i o n s  p e r  second and an amplitude o f  25-40 pv was 
observed i n  h e a l t h y  s u b j e c t s  examined be fo re  r o t a t i o n  i n  a Barani c h a i r  
(Figure 1 A). The rhythm of l i g h t  f l a s h e s  w i th in  ranges from 8-10 t o  
16-20 Hz were assimulated i n  t h e  EEG p r imar i ly  i n  t h e  o c c i p i t a l  and p a r i e t a l  
reg ions .  I t  was p o s s i b l e  t o  d e l i n e a t e  i n  t h e  ERG wave b with an amplitude o f  
150-200 pv having a pe r iod ,  culminat ion and l a t ency  per iod  wi th in  t h e  range of  
t h e  norm. 

A normal, c l e a r  a rhythm (with c losed  eyes) through t h e  e n t i r e  c o r t e x  
wi th  an amplitude o f  25-50 uv, varying with a r a p i d  and d i f f i c u l t l y  r educ ib l e  
rhythm upon opening of t h e  eyes (Figure 2 A), was de t ec t ed  i n  t h e  EEG o f  
35 deaf s u b j e c t s  (of 47) .  The r e a c t i o n  o f  b iocu r ren t  rearrangement i n  
response t o  rhythmic l i g h t  was observed i n  34 s u b j e c t s  (of 47),  24 assimu- 
l a t i n g  t h e  rhythms having a frequency from 8-10 t o  20-24 Hz,  and 10 s u b j e c t s  
ass imula t ing  t h e  rhythms Qkth in  ranges from 8-10 t o  13-16 Hz. The t e s t  
s u b j e c t s  became accustomed t o  s i n g u l a r  l i g h t  f l a s h e s  s lowly ( ten  o r  more 
s t i m u l a t i o n s  be fo re  ce s sa t ion  o f  "tremor reac t ion") ,  and t h e  appearance of  one 
o r  two high-amplitude slow waves ( the  K complex) was recorded i n  some 
ind iv idua l s  [I]. A l l  t h i s  i nd ica t ed  a decrease i n  t h e  tonus of t h e  co r t ex ,  
diminishing i t s  l a b i l i t y  somewhat. The ERG o f  deaf  s u b j e c t s  was wi th in  
t h e  norm, and a l l  rhythms o f  l i g h t  f l a s h e s  suppl ied  were assimulated i n  i t .  

V. A. Ryabichev p a r t i c i p a t e d  i n  t h e  experiments with deaf s u b j e c t s .  



F igu re  1. Electroencephalogram (EEG) o f  a  Subject  w i t h  Normal Hear ing Before 
(A) and A f t e r  (B) S t i m u l a t i o n  o f  t h e  Ves t i bu la r  Analyzer.  Leads i n t o  t h e  
EEG: 1 ,  F ron ta l ,  r i g h t  s ide ;  2, F r o n t a l ,  l e f t  s ide ;  3, P a r i e t a l ,  r i g h t  s ide ;  
4, P a r i e t a l ,  l e f t  s ide;  5, P a r i e t a l - o c c i p i t a l ,  r i g h t  s ide ;  6, P a r i e t a l -  
o c c i p i t a l ,  l e f t  s ide;  7, O c c i p i t a l ,  r i g h t  s ide ;  8, O c c i p i t a l ,  l e f t  s ide ;  
9, O c c i p i t a l  r i g h t  and l e f t  s ides;  10, Temporal, l e f t  s ide ;  1 1 ,  Sensory motor 
r eac t i on ;  12, E lec t ro re t inogram;  13, O c c i p i t a l ,  monopolar, r i g h t  s i de ;  
14, I n t e g r a t o r ;  0, Marker o f  l i g h t  s t i m u l a t i o n  



Figure 2 .  Electroencephalogram ( E E G )  of a Deaf Subject Before (A)  
and After  ( B )  Ves t ibu lar  S t imula t ions .  Leads a r e  t he  same a s  i n  
Figure 1 .  

The disappearance of a rhythm, r a t h e r  r a p i d l y  r educ ib l e  (from 20-25 t o  /72 - 
150 s e c ) ,  b u t  u n s t a b l e  i n  frequency (8-12 o s c i l l a t i o n s  per  second),  and wi th  a  
somewhat diminished amplitude (see Figure 1 B), was noted i n  t h e  EEG o f  normal 
s u b j e c t s  due t o  r o t a t i o n  i n  a Barani c h a i r .  Four i nd iv idua l s  (of e leven)  
d isp layed  sharp  v e g e t a t i v e  r eac t ions  i n  t h e  form of p e r s p i r a t i o n ,  t h e  s k i n  o f  
t h e  f a c e  becoming p a l e ,  nausea, and s i g n i f i c a n t  nystagmoid movements of t h e  
eyes .  Discern ib le  v a r i a t i o n s  were no t  noted i n  t h e  r e a c t i o n  of  b iocu r ren t  
rearrangement i n  response t o  rhythmic l i g h t ;  s i n g l e  f l a s h e s  of l i g h t  caused 
t h e  appearance of t h e  slow K complex i n  f o u r  t e s t  s u b j e c t s .  Nystagmoid 
phenomena, and s t a t i s t i c a l l y  ba re ly  r e l i a b l e  v a r i a t i o n s  i n  amplitude and t h e  



la tency per iod  of wave appearance were observed i n  t h e  ERG (making i ts  
recording and ana lys i s  d i f f i c u l t )  (Figure 3 B). 

Figure 3 .  Electroretinogram 
of a  Normal Test  Subject 
Before (A) and After (B) 
Vest ibular  St imulat ions 

I 

Figure 4. E lec t ro re t  inogram 
of Deaf Subjects  Before (A) 
and After (B) Vestibular  
St imulat ions 

No s i g n i f i c a n t  v a r i a t i o n s  i n  EEG (see Figure 2 B) and rearrangement 
r eac t ion  were noted i n  deaf sub jec t s  upon s t imula t ion  o f  t h e  v e s t i b u l a r  
apparatus; an absence i n  v a r i a t i o n s  of wave c  and assimulat ions of rhythm 
were observed i n  t h e  ERG, and weak nystagmoid movements were noted 
(Figure 4 B ) .  

The da ta  obtained permit us  t o  th ink  t h a t  the  i n t e r a c t i o n  o f  v i s u a l  and 
v e s t i b u l a r  analyzers  under a given experimental se tup  i s  brought about mainly 
due t o  t h e i r  c o r t i c a l  s ec t ions .  The diminished flow o f  information from t h e  
v e s t i b u l a r  analyzer  i n  deaf sub jec t s  is  inadequate t o  a l t e r  t h e  c o r t i c a l  
mosaic o f  t h e  s t imulus- inhib i tory  process,  and t h e  decreased tonus of  t h e  
cor tex  cannot e l i c i t  cen t r i fuga l  v a r i a t i o n s  a t  t h e  periphery of t h e  v i s u a l  
analyzer .  Functional v a r i a t i o n s  of t h e  cortex of normal sub jec t s  caused by 
v e s t i b u l a r  s t imula t ions  r e s u l t  i n  d i s rup t ion  of co r t i ca l - subcor t i ca l  r e l a t i o n -  
sh ips ,  which i n  t u r n  a l t e r s  t h e  funct ional  s t a t e s  of t h e  r e t i n a  ( i . e .  of t h e  - / 74  
periphery of t h e  v i sua l  analyzer) .  
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THE EFFECT OF V!SUAL STIMULAT!ON O N  NYSTAGMUS, FROM 
DATA OF ELECTRONYSTAGMOGRAPHY, I N  THE P R E S E N C E  

OF TUMORS OF THE POSTERIOR C R A N I A L  FOSSA 

N. S .  Blagoveshchenskaya 

ABSTRACT. Visual s t imu la t ion  may i n t e n s i f y  o r  r e t a r d  spon- 
taneous and c a l o r i c  nystagus even i n  the same p a t i e n t  during 
dynamic inves t iga t ion .  This depends on t h e  i n t e n s i t y  of the  
s t imu la t ion  and i t s  c h a r a c t e r i s t i c s  (rhythmic l i g h t  o r  a  
s i n g l e  l i g h t  f l a s h ) ,  and on app l i ca t ion  of add i t i ona l  stimu- 
l i  ( t h e  c a l o r i c  t e s t ) .  All c h a r a c t e r i s t i c s  of spontaneous 
and c a l o r i c  nystagmus were a l t e r e d  by l i g h t  s t imu la t ion  i n  
p a t i e n t s  with tumors of the  p o s t e r i o r  c r a n i a l  f o s s a ,  and 
periods of c a l o r i c  nystagmus (phase culminat ion)  were a1 t e r ed .  

The v e s t i b u l a r  func t ion  may be  a l t e r e d  under t h e  e f f e c t  of t h e  most 
d ive r se  s t i m u l i .  By us ing  t h e  e l ec t rog raph ic  method of record ing  nystagmic 
movement o f  t h e  eyes,  Mahoney, Harlan, and Bickford [ l l ]  e s t a b l i s h e d  t h a t  
var ious  ex t e rna l  and i n t e r n a l  s t imu la t ions  have a  n o t i c e a b l e  e f f e c t  on c a l o r i c  /75 - 
nystagmus. I n h i b i t i o n  was observed upon sudden a c o u s t i c  and a l e g e s i c  s t i m -  
u l a t i o n s .  Nystagmus was i n t e n s i f i e d  when t h e  t e s t  s u b j e c t  was so lv ing  a  
mathematical problem. Mitr inoviez [15] noted an inc rease  i n  t h e  chronaxy of  
t h e  v e s t i b u l a r  apparatus  during t h e  e f f e c t  of  a c o u s t i c a l  s t i m u l a t i o n  on t h e  
organ of hear ing .  M. D.  Yemel'yanov and A. G .  Kuznetsov [ Z ]  emphasize t h a t  
d i s r u p t i o n  of t h e  i n t e r r e l a t i o n s h i p s  of t h e  v e s t i b u l a r ,  v i s u a l  and propr io-  
cep t ive  ana lyzers  i s  o f  g r e a t  importance during development o f  i l l u s o r y  
sensa t ions  i n  p i l o t s .  

There i s  an e s p e c i a l l y  c l o s e  anatomical and func t iona l  i n t e r r e l a t i o n s h i p  
between t h e  v e s t i b u l a r  and v i s u a l  ana lyzers .  Thus, nystagmic movements of t h e  
eyeba l l s  l o g i c a l l y  develop during v e s t i b u l a r  s t imu la t ion .  On t h e  o t h e r  hand, 
we o f t e n  observed i n  t h e  c l i n i c  t h a t  prolonged v i s u a l  s t imu la t ion  with o b j e c t s  
f l a s h i n g  i n  f r o n t  of t h e  eyes ( t h e  b r i g h t  s t r i p e d  hue o f  a  f a b r i c ,  i nves t iga -  
t i o n  o f  op tok ine t i c  nystagmus, a  b r i g h t  f l a s h i n g  l i g h t )  may cause a  paroxysm 
of  v e s t i b u l a r  v e r t i g o  and nausea i n  p a t i e n t s  with an uns t ab le  v e s t i b u l a r  
apparatus .  

Guedry [9]  c a r r i e d  out  v e s t i b u l a r  s t imu la t ion  o f  p i l o t s ;  i n  one group of 
t e s t  s u b j e c t s ,  t h i s  s tudy  was conducted i n  darkness,  and i n  t h e  second group 
problems were ass igned  i n  which t h e  sub jec t s  were r equ i r ed  t o  fo l low an image 
on a  f l a s h i n g  screen .  Nystagmus and vege ta t ive  r eac t ions  were more def ined  i n  
s u b j e c t s  completing a  v i s u a l  assignment dur ing  v e s t i b u l a r  s t i m u l a t i o n .  

S. F. Shteyn [5] po in ted  out  t h e  c l o s e  r e l a t i o n s h i p  of t h e  v e s t i b u l a r  
appara tus  with t h e  eye; moreover, i n  h i s  opinion,  s t i m u l a t i o n  of t h e  v e s t i b -  
u l a r  apparatus  may cause I )  nystagmus, 2 )  d i s t o r t i o n  o f  t h e  e y e b a l l s ,  



3 )  inadequacy o f  the  eye muscles (d ip log ia  and s t rob i sm) ,  and 4) d i s o r d e r  of 
p u p i l  l a b i l i t y .  

Chafee, E Q W ~ € !  and Hampson [7] s t u d i e d  t h e  e l e c t r i c a l  responses of t h e  
r e t i n a  t o  v i s u a l  stirnulawtion, and Miles [ l 3 ]  d i sc losed  t h e  d i f f e r e n c e s  i n  
p o t e n t i a l s  o f  the  eye of  man i n  darkness and i n  l i g h t .  

N. S.  Blagoveshchenskaya [ I ]  sometimes noted t h e  appearance o f  temporary 
doubling i n  t h e  eyes a f t e r  a  r o t a t i o n  t e s t ,  and in tens i f ica t i r , -n  of  "nystagmusfs 
o f  t h e  upper e y e l i d s  upon v e s t i b u l a r  s t imu la t ion  i n  t h e  presence of  tumors of  
t h e  p o s t e r i o r  c r a n i a l  f o s s a .  M .  V .  Kulikova noted t h e  v a r i a t i o n  i n  t h e  na tu re  
o f  t h e  electroencephalogram and nystagmogram due t o  t h e  e f f e c t  of  c e r t a i n  
e x t e r n a l  s t i m u l i  ( l i g h t  and sound) and o f  medicinal substances (glucose,  
mercusal and ca f f e ine )  . 

Electronystagmography permits  u s  t o  a s c e r t a i n  t h e  phenomenon of  nystagmus 
i n h i b i t i o n .  Mc-Lay [ l 2 ]  observed a  p a t i e n t  who could i n h i b i t  c a l o r i c  
nystagmus. Ce r t a in  externa 1 f a c t o r s  (music) i n t e n s i f i e d  nystagmus i n h i b i -  
t i o n .  A c o r r e c t  concept a.bout t h e  s t a t e  of t h e  v e s t i b u l a r  apparatus  i s  
p o s s i b l e  on t h e  condi t ion  t h a t  c e n t r a l  nystagmus i n h i b i t i o n  b e  e l imina ted  - / 76' 
[ l 2 ] .  He achieved t h i s  wi th  t h e  h e l p  of such substances a s  a l coho l ,  conversa- 
t i o n  wi th  t h e  p a t i e n t  dur ing  t h e  i n v e s t i g a t i o n  and simultaneous record ing  of  
speech audiometry. 

According t o  S ,  V .  Kravkov [ 3 ]  , v a r i a t i o n  of  e x c i t a b i l i t y  i n  t h e  organs 
o f  sense may occur  due t o  t r a n s i t i o n  of s t imu la t ion  from t h e  nerve t r a c k s  
o f  one sense  organ t o  t hose  of another ,  anatomical ly s i m i l a r  t o  it.  This  
t r a n s i t i o n  may be  brought about by t h e  c e n t r a l  l i n k s  between a f f e r e n t  systems, 
through t h e  v e g e t a t i v e  nervous system, and a l s o  by e s t a b l i s h i n g  temporary 
l i n k s  of  t h e  condit ioned r e f l e x  type .  Consequently, t h e  t r a n s i t i o n  may t ake  
p l a c e  i n  both s u b c o r t i c a l  formations a s  wel l  a s  i n  t h e  ce reb ra l  co r t ex .  

The l i t e r a t u r e  conta ins  va r ious  p o i n t s  of view about t h e  na tu re  of t h e  
e f f e c t  o f  v i s u a l  s t imu la t ion  on v e s t i b u l a r  nystagmus. Most au thors  observed 
i n h i b i t i o n  of  v e s t i b u l a r  nystagmus upon app l i ca t ion  o f  v i s u a l  s t i m u l a t i o n  [4,  
6 ,  14,  171 . Some authors  noted i n t e n s i f i c a t i o n  of  v e s t i b u l a r  nystagmus a f t e r -  
v i s u a l  s t i m u l a t i o n  [ l o ]  . Indiv idua l  au thors  f e e l  t h a t  v e s t i b u l a r  nystagmus 
may be  i n h i b i t e d  o r  i n t e n s i f i e d  by v i s u a l  s t imu la t ions ,  depending on which 
nystagmus - -  r o t a r y  o r  pos t - ro t a ry  - -  i s  a f f e c t e d  [16] .  

The t a s k  o f  t h i s  paper  was t o  s tudy  t h e  e f f e c t  of l i g h t  s t i m u l a t i o n  on 
nystagmnus, I t  was a l s o  necessary "c exp la in  which components of  nystagmus a r e  
a f f e c t e d  by l i g h t  s t imu la t ion .  A t o t a l  o f  38 p a t i e n t s  with d i s e a s e  of  t h e  
p o s t e r i o r  c r a n i a l  f o s s a  were examined, i n  which f o r t y  composite record ings  of  
electronystagmograms and electroencephalograms were made; 10 hea l thy  s u b j e c t s  
were e x m i n e d  a t  t h e  same time. Light s t i m u l a t i o n  i n  17 observa t ions  was 
a p p l i e d  not  on ly  by s i n g l e  l i g h t  f l a s h e s ,  bu t  a l s o  by rhythmic f l a s h e s  of 
d i f f e r e n t  frequency with t h e  h e l p  of  a  photos t imula tor  ( t he  e f f e c t  o f  rhythmic 
l i g h t  on nystagmus has ha rd ly  been covered i n  t h e  l i t e r a t u r e ) .  Rhythmic l i g h t  
s t i m u l a t i o n  was not  appl ied  t o  16 p a t i e n t s  because of weak v i s i o n  o r  f o r  



technica l  reasons, but  recording of  electronystagmograms and electroencephal-  
ograms was c a r r i e d  out  i n  darkness and i n  l i g h t .  

Electronystagmography has s u b s t a n t i a l  advantages over v i s u a l  observation 
when studying t h e  i n t e r a c t i o n  between t h e  v e s t i b u l a r  and o the r  analyzers ,  
because it permits accura te  and ob jec t ive  recording of t h e  s l i g h t e s t  devi- 
a t ions  i n  v a r i a t i o n  of  v e s t i b u l a r  nystagmus, and they may be analyzed a t  any 
point  of t h e  study.  I t  i s  o f t e n  very d i f f i c u l t  and sometimes impossible t o  
follow prec i se ly  a l l  t h e  small va r i a t ions  i n  rhythm, amplitude and 
c h a r a c t e r i s t i c s  o f  phase s h i f t  of nystagmus during t h e  v i sua l  observations.  

Data which we obtained during simultaneous recording of  electronystagmo- - / 7 7  
grams and electroencephalograms during simultaneous appl ica t ion  of rhythmic 
l i g h t  s t imula t ion  a r e  promising i n  t h e  t h e o r e t i c a l  and p r a c t i c a l  sense.  
Moreover, we managed t o  record objec t ive ly  t h e  c lose  funct ional  r e l a t i o n s h i p  
and i n t e r a c t i o n  of  t h e  v i s u a l  and v e s t i b u l a r  analyzers .  

Nystagmus recording and electroencephalography were c a r r i e d  out on a 
20-channel electroencephalograph of t h e  "Alvar" system. Electrodes were 
a t tached near  the  external  sec t ions  of both eye sockets  and one above the  
br idge  of the  nose i n  order  t o  record hor izonta l  nystagmus. One e lec t rode  
was placed above t h e  eye and another below it t o  record v e r t i c a l  nystagmus. 
Cal ibra t ion  of movements was c a r r i e d  out t o  20°, and paper speed was 3 cm/sec. 
When recording nystagmus t o  t h e  r i g h t ,  and a l s o  nystagmus upward, t h e  peak of 
t h e  waves on the  nystagmogram was al igned upward. During recording of 
nystagmus t o  t h e  l e f t ,  o r  downward, the  peak of  the  waves was d i rec ted  down- 
ward. A c a l o r i c  t e s t  was ca r r i ed  out  by pouring 100 mR of  water a t  a  
temperature of 19" f o r  10 sec  i n t o  t h e  ex te rna l  acoust ica l  duct .  

In  t h e  case of  c l e a r  asymmetry of c a l o r i c  nystagmus, c a l o r i z a t i o n  with 
hot water (100 mR water a t  a  temperature of 49") was ca r r i ed  out .  Extensive 
neurological  and btoneurological  examination of the  p a t i e n t  i n  the  h o s p i t a l  
was c a r r i e d  out p r i o r  t o  electronystagmography. 

There was t h e  following l o c a l i z a t i o n  o f  the  pathological  process i n  t h e  
p a t i e n t s  s tudied:  neurinoma of t h e  audi tory  nerve -- 9,  arachnoidal 
endothelioma of  t h e  l a t e r a l  c i s t e r n  of  the  pons - &  2, tumor o r  encepha l i t i s  i n  
i n  t h e  region of t h e  pons Varol i i  and t h e  medulla oblongata - -  10, tumor of 
t h e  medulla oblongata -- 1, tumors of  t h e  vermis and IV v e n t r i c l e  --  V,  
tumors of the  cerebellum -- 8, tumors of t h e  IV v e n t r i c l e  -- 5,  tumor of t h e  
mesencephalon - -  1, tumor of t h e  111 v e n t r i c l e  with ingrowing i n t o  t h e  
aquaeductus S y l v i i  and e f f e c t  on t h e  regions of the  p o s t e r i o r  c r a n i a l  
fossa  -- 1, and normal -- 10 p a t i e n t s .  A t o t a l  of  50 examinations were 
conducted (two p a t i e n t s  were examined twice) .  

The e f f e c t  of  s i n g l e  l i g h t  f l a shes  and o f  rhythmic l i g h t  of  d i f f e r e n t  
i n t e n s i t y  and frequency on spontaneous and c a l o r i c  nystagmus was s tudied  i n  
the  p a t i e n t s ;  combined s t imula t ion  of  t h e  v e s t i b u l a r  apparatus by a c a l o r i c  
t e s t  was employed, on the  background of which s i n g l e  and rhythmic l i g h t  



l i g h t  f l a s h e s  and acous t i ca l  s t imula t ions  were c a r r i e d  out .  Var ia t ions  i n  
nystagmus with opened and closed eyes were analyzed. 

Light s t imula t ion  had a  d i f f e r e n t  e f f e c t  on nystagmus. S ingle  l i g h t  
f l a shes  usua l ly  were ba re ly  r e f l e c t e d  i n  nystagmus, sometimes a l t e r i n g  one of 
i t s  waves a t  t h e  moment of t h e  f l a s h .  On t h e  o t h e r  hand, rhythmic l i g h t  
a f f e c t e d  nystagmus more o f t e n  and more in t ense ly ,  which was found t o  be  a  
d i r e c t  funct ion  of the  frequency of t h e  f l a shes .  Thus, a t  a  rhythm of  s i x  / 7 8 - 
t o  e igh t  f l a shes  pe r  second t h e r e  was o f t e n  an i n t e n s i f i c a t i o n  o f  nystagmus: 
i t s  frequency increased and a  more uniform amplitude developed. More frequent  
f l a s h e s ,  12-16 per  second, could r e s u l t  i n  sharp i n h i b i t i o n  and even t o t a l .  
disappearance of  nystagmus i n  t h i s  same p a t i e n t .  Opening t h e  eyes during 
normal i l luminat ion  of t h e  room o r  c los ing  t h e  eyes as  the  l i g h t  was switched 
o f f  could a l s o  have a  s t rong  e f f e c t  on nystagmus. Fixat ion of  t h e  gaze o f t e n  
i n h i b i t e d  nystagmus . 

Acoustical s t imula t ion ,  according t o  d a t a  of  electronystagmography, had a  
much smal ler  e f f e c t  on nystagmus than  v i s u a l  s t imula t ion .  

According t o  our da ta ,  a l l  components o f  v e s t i b u l a r  nystagmus (rhythm, 
amplitude and c h a r a c t e r i s t i c s  o f  phase s h i f t )  were var ied  and rearranged under 
t h e  e f f e c t  of rhythmic l i g h t .  Moreover, t hese  v a r i a t i o n s  d i f f e r e d  substan-  
t i a l l y  i n  both d i f f e r e n t  p a t i e n t s ,  a s  wel l  a s  i n  t h e  same p a t i e n t ,  with 
app l i ca t ion  of  d iverse  funct ional  loads ( e i t h e r  a  s i n g l e  l i g h t  of varying 
frequency, o r  combined s t imula t ions  -- rhythmic l i g h t  p lus  c a l o r i c  t e s t ) .  

Light s t imula t ion  i n  eleven observat ions r e s u l t e d  i n  i n h i b i t i o n  o f  
spontaneous, op tok ine t i c  and c a l o r i c  nystagmus, i n  four  observat ions -- t o  
i n t e n s i f i c a t i o n  of  nystagmus, and d i f f e r e n t  indices  were recorded i n  f i v e  
p a t i e n t s  a t  d i f f e r e n t  func t iona l  l i g h t  loads -- i n t e n s i f i c a t i o n  a t  one and 
i n h i b i t i o n  of nystagmus a t  another  funct ional  load. 

I n h i b i t i o n  of  v e s t i b u l a r  nystagmus due t o  t h e  e f f e c t  of l i g h t  developed 
i n  eleven p a t i e n t s  i n  t h e  following manner -- t h e  rhythm of nystagmus was 
r e t a rded ,  i t s  amplitudedecreased,duration was reduced, and phase s h i f t  va r i ed  
a s  t h e  long phase lengthened. The rhythm of  spontaneous and c a l o r i c  nystagmus 
decreased t o  almost t o t a l  disappearance under t h e  e f f e c t  of l i g h t .  Slower 
l i g h t  pulses  sometimes caused r e t a r d a t i o n  of  nystagmus, and more r ap id  ones 
caused t o t  a1 disappearance. Nys tagmus again developed a f t e r  ces sa t ion  of  t h e  
e f f e c t  of rhythmic l i g h t .  

The rhythm of nystagmus i n  p a t i e n t  K decreased sharply  during rhythmic 
l i g h t  s t imula t ion  ( a t  f i rs t  it was 20 impulses pe r  10 sec ,  then 16, 10 and 6  
with gradual disappearance of nystagmus). Spontaneous and c a l o r i c  nystagmus 
could be temporari ly i n h i b i t e d  sharply  with subsequent recovery on t h e  back- 
ground of l i g h t  s t imula t ion  when rhythmic l i g h t  s t imula t ion  was switched on. 

Light s t imula t ion  could s i g n i f i c a n t l y  diminish t h e  amplitude of  nystagmus 
( thus ,  t h e  amplitude of  nystagmus i n  one p a t i e n t  decreased from 22-10" t o  
10-5" under t h e  e f f e c t  of rhythmic l i g h t )  o r  could reduce t h e  dura t ion  of 



nystagmus -- when recording c a l o r i c  nystagmus with closed and opened eyes it 
was o f t e n  c l e a r l y  obvious on t h e  nystagmogram t h a t  c a l o r i c  nystagmus is  l e s s  
prolofiged and lower i n  amplitude with open eyes than  it i s  with c losed  eyes .  

Rhythmic l i g h t  could a l t e r  t he  r e l a t i o n s h i p  of  nystagmus pha.ses; t h e  - / 79 
na tu re  of nystagmus became slower and more drawn o u t ,  with a lengthened slow 
phase, 

Nystagmus s t imu la t ion  under t h e  e f f e c t  of  l i g h t  s t imu la t ion  was noted 
much more r a r e l y  ( i n  fou r  p a t i e n t s )  and appeared e i t h e r  a t  t h e  onse t  of 
spontaneous nystagmus which was not  present  p r i o r  t o  t h i s ,  o r  i n  an inc rease  
o f  amplitude and frequency of t h e  rhythm; f i n a l l y ,  rhythmic l i g h t  s t i m u l a t i o n  
could l ead  t o  g r e a t e r  normalizat ion of nystagmus phase s h i f t  with a r educ t ion  
i n  t h e  dura t ion  o f  t h e  slow phase. 

Upon s t imu la t ion  with rhythmic l i g h t ,  a number of  p a t i e n t s  ass imula ted  t o  
a c e r t a i n  degree t h e  rhythm i n  t h e  electronystagmogram -- an i n c r e a s e  i n  
frequency of nystagmus rhythm upon inc rease  i n  frequency o f  t h e  rhythm of  
l i g h t  f l a s h e s  and r e t a r d a t i o n  upon a decrease i n  t h e  rhythm of t h e  f l a s h e s .  

The c h a r a c t e r i s t i c s  of  nystagmus during rhythmic l i g h t  s t i m u l a t i o n  o f t e n  
became i r r e g u l a r  i n  rhythm and amplitude; two- and three-humped peaks of  t h e  
waves were noted.  Nystagmus assumed a more uniform amplitude a f t e r  c e s s a t i o n  
of rhythmic l i g h t .  

That t h e r e  is  c l o s e  i n t e r a c t i o n  between t h e  v e s t i b u l a r  and v i s u a l  
ana lyzers  is  r e f l e c t e d  by d a t a  on t h e  e f f e c t  o f  v i s u a l  s t imu la t ion  and 
f i x a t i o n  o f  t h e  gaze on nystagmus phase s h i f t .  Thus, p a t i e n t  S wi th  incephal -  
i t i s  of t h e  b r a i n  stem (o r  a tumor of t h e  stem i n  t h e  p o s t e r i o r  c r a n i a l  fo s sa )  
experienced pendulum-like nystagmus without  a c l e a r  phase s h i f t ,  b u t  t h e  
pendulum-like nystagmus g radua l ly  converted t o  phase nystagmus upon f i x a t i o n  
o f  t h e  eyes.  

Rhythmic l i g h t  could cause rough nystagmus o f  t h e  upper e y e l i d s  i n  t h e  
presence of  va r ious  i l l n e s s e s .  

The same s t imulus  (rhythmic l i g h t )  could s t i m u l a t e  nystagmoid movements 
of t h e  eyes ( i n  t h e  i n i t i a l  background) i n  some cases ,  and could i n h i b i t  them 
i n  o t h e r s  i n  a s i n g l e  p a t i e n t  a t  var ious  func t iona l  s t a t e s ,  For example, 
rhythmic l i g h t  sha rp ly  i n h i b i t e d  spontaneous nystagmus i n  t h e  i n i t i a l  
background i n  p a t i e n t  P with tumor o f  t h e  pons V a r o l i i ,  while rhythmic l i g h t  
caused a c l e a r  temporary inc rease  i n  frequency of  t h e  rhythm of  c a l o r i c  
nystagmus on t h e  background of t h e  c a l o r i c  t e s t .  

Switching on rhythmic l i g h t  a t  t h e  beginning o f  c a l o r i c  nystagmus may 
sha rp ly  a l t e r  i t s  rhythm and culmination c h a r a c t e r i s t i c s .  The course of  
c a l o r i c  nystagmus cyc les  may be  a l t e r e d  sha rp ly  -- two culminat ing r i s e s  i n  
frequency o f  rhythm may be obtained,  



The e f f e c t  of l i g h t  s t imu la t ion  on nystagmus was especia.l ly c l e a r  if 
t h e r e  was n~ very  rough d e s t r u c t i o n  of v e s t i b u l a r  nuc le i  and ves t ibu lo -  
oculomotor bonds i n  t h e  b r a i n  stem. 

When t h e r e  was func t iona l  v a r i a t i o n  o f  t h e  v e s t i b u l a r  ana lyzer ,  we could /80 - 
o f t e n  s e e  t h a t  i f  a  s i n g l e  s t imulus  -- rhythmic l i g h t  -- were app l i ed ,  it may 
cause an i n t e n s i f i c a t i o n  o f  nystagmus i n  t h e  form of  an inc rease  i n  t h e  
frequency of  i t s  rhythm and phase normal iza t ion .  But i f  two ' s t imu l i ,  c a l o r i c  
t e s t  p lus  rhythmic l i g h t ,  were app l i ed  t o  t h e  same p a t i e n t ,  rhythmic l i g h t  
would b e  a  too-s t rong  s t imulus  on t h e  background of t h e  c a l o r i c  t e s t ,  
and would r e s u l t  i n  i n h i b i t i o n  o f  nystagmus with sharp  r e t a r d a t i o n  o f  i t s  
rhythm. 

Rhythmic l i g h t  i n t e n s i f i e d  c a l o r i c  nystagmus i n  two p a t i e n t s  ( i t  became 
more r e g u l a r  i n  rhythm); when t h e  rhythm of l i g h t  s t i m u l a t i o n  was increased  i n  
frequency, nystagmus became i r r e g u l a r  i n  rhythm, and upon r e t a r d a t i o n  of l i g h t  
f l a s h e s ,  nystagmus again became more r egu la r  i n  rhythm. Thus, we have i n  t h e  
d a t a  of observa t ion  a  s t a t e  approaching a  phase s t a t e ,  because more i n t e n s e  
s t imu la t ions  (more f requent  l i g h t  f l a s h e s )  caused a  decrease  i n  t h e  func t ion ,  
whi le  weaker s t imu la t ions  (slower f l a s h e s )  i n t e n s i f i e d  nystagmus. 

I t  i s  appropr i a t e  t o  pose t h e  ques t ion ,  where does t h e  i n t e r a c t i o n  o f  t h e  
v e s t i b u l a r  and v i s u a l  ana lyzers  t ake  place? Obviously, a t  d i f f e r e n t  l e v e l s  i n  
both t h e  stem s e c t i o n  o f  t h e  b r a i n  and i n  t h e  co r t ex .  Proof o f  t h e  l a t t e r  i s  
t h e  v a r i a t i o n ,  from d a t a  o f  e lectroencephalography,  i n  t h e  func t iona l  s t a t e  
of t h e  c o r t e x  o f  t h e  o c c i p i t a l  lobe  due t o  t h e  e f f e c t  of  rhythmic l i g h t  be fo re  
and a f t e r  v e s t i b u l a r  s t imu la t ion  by c a l o r i c  t e s t .  Upon r o t a t i o n  of t e s t  
s u b j e c t s  with eyes opened and c losed ,  no s u b s t a n t i a l  d i f f e r e n c e  was noted on 
t h e  electroencephalogram, with t h e  except ion o f  weak depression o f  t h e  
a rhythm i n  t h e  temporal r eg ion  immediately a f t e r  c lo s ing  of  t h e  eyes; t h i s  
depress ion  disappeared a f t e r  r a p i d  r o t a t i o n  [16] . 

I n  c o n t r a s t  with t hese  d a t a ,  a s s i m i l a t i o n  of  rhythmic l i g h t  i n  t h e  
electroencephalogram i n  many o f  our  p a t i e n t s  was much worse a f t e r  v e s t i b u l a r  
s t i m u l a t i o n  than  it was i n i t i a l l y .  In  o t h e r  p a t i e n t s  rhythmic l i g h t  be fo re  
c a l o r i c  t e s t s  d id  not a l t e r  t h e  c h a r a c t e r i s t i c s  of  t h e  EEG, whi le  h igh-  
amplitude b u r s t s  of t h e  a rhythm and e p i l e p t o i d  symmetrical impulses,  
expressed more i n  t h e  occ ip i ta l - tempora l  r eg ions ,  developed on t h e  background 
of rhythmic l i g h t  a f t e r  c a l o r i c  t e s t s .  

A l l  t h i s  i n d i c a t e s  t h a t  s t imu la t ion  o f  t h e  v e s t i b u l a r  apparatus  l eads  t o  
func t iona l  v a r i a t i o n s  i n  t h e  co r t ex  o f  t h e  o c c i p i t a l  reg ion  of  t h e  
cerebellum --  t h e  c o r t i c a l  s e c t i o n  of  t h e  v i s u a l  ana lyzer .  Consequently, 
t h e r e  i s  a l s o  a  c l o s e  i n t e r r e l a t i o n s h i p  between t h e  v e s t i b u l a r  and v i s u a l  
ana lyzers  a t  t h e  l e v e l  of t h e  ce reb ra l  co r t ex .  

Var i a t ions  on t h e  electronystagmogram due t o  t h e  e f f e c t  of  v i s u a l  
s t i m u l a t i o n  a r e  a  c l e a r  example of ob jec t ive  recording of  t h e  i n t e r a c t i o n  of 
t h e  v i s u a l  and v e s t i b u l a r  ana lyzers .  These d a t a  d i s c l o s e  i n  more d e t a i l  t h e  - /81 



i n t e r a c t i o n  of  the  cor t ica l -s tem func t iona l  i n t e r r e l a t i o n s h i p s ,  showing how an 
unconditioned r e f l e x  i s  a f f e c t e d  by v i s u a l  s t imula t ion ,  by a l t e r i n g  a l l  
c h a r a c t e r i s t i c s  of  nystagmus. 
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T H E  EFFECT OF P R O L O N G E D  SLOW R O T A T I O N  ON H E A R I N G  

I ,  Ya. Yakovleva, E .  I .  Matsnev and V.  P .  Baranova 

ABSTRACT. A study was made of the e f f e c t  of the prolonged 
s t a y  of man (3  and 18 days) i n  a ro t a t ing  room a t  a  veloc- 
i ty of 40 and 10 deg/sec on the funct ional  s t a t e  of the  
audi tory  analyzer .  Variat ions i n  hearing were found which 
exceed the individual spread of the norm, and funct ional  
s h i f t s  were more severe a f t e r  3-day ro ta t ion  a t  a  ve loc i ty  
of 40 deg/sec, and were maintained f o r  5-6 hours a f t e r  the 
experiment . 

Studies  of  t h e  phys io logica l  e f f e c t s  a r i s i n g  upon the  prolonged i n f l u -  
ence of Cor io l i s  acce le ra t ions  under conditions of slow r o t a t i o n  were first  
begun i n  1958 by a group of American s c i e n t i s t s  f6 ,  71. 

Af ter  two-day r o t a t i o n  of  a  t e s t  sub jec t  i n  a  slowly revolving room 
approximately 5 m i n  diameter a t  angular  v e l o c i t i e s  o f  1 .7 ,  2.2, 3.8, 5 .4  and 
10 revolu t ions  pe r  minute, symptoms of  t h e  so-ca l led  " i l l n e s s  of  t h e  canals"  
were observed. Moreover, general  dysphoria,  apathy, v e r t i g o ,  headache, 
somnolence, nausea and sweating were noted, and vomiting occurred a t  high - / 82 
v e l o c i t i e s .  

Our inves t iga t ion  was d i r e c t e d  toward f u r t h e r  s tudy o f  t h e  phys io logica l  
e f f e c t s  a r i s i n g  upon prolonged presence i n  a  slowly r o t a t i n g  room (SF.R). 

Experiments of Yu. G.  Grigor'yev and colleagues (1962-1964) revealed a 
s i g n i f i c a n t  v a r i a t i o n  i n  t h e  func t iona l  s t a t e  of t h e  audi tory  analyzer a f t e r  a  
s t a y  i n  an SFR f o r  24 h r  a t  a  v e l o c i t y  of 10.6 and 21.2 deg/sec. 

American s c i e n t i s t s  [6, 71, inves t iga t ing  t h e  work c a p a b i l i t y  of man i n  
an  SRR f o r  two weeks a t  a  v e l o c i t y  of  t h r e e  revolu t ions  pe r  minute, noted a 
"high v a r i a b i l i t y  o f  t h e  r e s u l t s  of audi tory  t e s t ing . "  

Study o f  t h e  funct ional  s t a t e  o f  t h e  auditory analyzer  under t h e  e f f e c t  
of high r o t a t i o n  v e l o c i t i e s  i n  t h e  SRR has not  been i l luminated  i n  a v a i l a b l e  
l i t e r a t u r e ,  and may be of  i n t e r e s t  during t r a i n i n g  f o r  prolonged space 
f l i g h t s .  In  connection with t h i s  we conducted a s tudy of t h e  inf luence  o f  t h e  
ind ica ted  e f f e c t s  on t h e  func t iona l  s t a t e  of t h e  audi tory  analyzer .  Examin- 
a t i o n  was ca r r i ed  out  one t o  t h r e e  days before the  experiment, and f i v e  t o  s i x  
hours a f t e r  i t s  te rminat ion .  Exo-endoscopy was c a r r i e d  out  by genera l ly  
accepted methods of otorhinolaryngological  examination. 

Inves t iga t ion  of  t h e  func t iona l  s t a t e  of the  audi tory  analyzer included 
monaural determination of thresholds  of audi tory  s e n s i t i v i t y  during a i r  
conduction f o r  frequencies of  125,  250, 1000, 1500, 2000, 3000, 4000, 4000, 



8000 and 10,000 H z .  In orde r  t o  compare t h e  d a t a  obta,ined, t h e  s tudy  o f  
hearing was c a r r i e d  out at a l l  s t a g e s  on t h e  same audiometer (audiomatie 
AUG-60) act t h e  same time of day (from 11 a.m. t o  4 p , m , ) .  

The i n v e s t i g a t i o n s  were c a r r i e d  out during t h e s e  hours i n  accordance with 
Neuberger" d a t a  [ l o ] ,  The au thor  noted t h e  l e a s t  spread o f  aud i to ry  
thresholds  due t o  t h e  d a i l y  cyc le  a t  t h i s  t ime of day,  During s tudy  of more 
complex func t ions  of t h e  aud i to ry  ana lyzer ,  t h e  d i f f e r e n t i a l  t h re sho lds  o f  
sound i n t e n s i t y  were determined, and audi tory  adapta t ion  was i n v e s t i g a t e d ,  
D i f f e r e n t i a l  t h re sho lds  t o  a  tone  a t  1000 Hz were determined monaurally by 
Lu.sherq s method [9] , 

Auditory adapta t ion  f o r  tones  a t  500, 1000 and 10,000 Hz of  t h re sho ld  
i n t e n s i t y  was a l s o  determined monaurally by t h e  method of Carhart  and Hood 
[5,  81 . Indices  o f  a l l  i n v e s t i g a t i o n s  were obtained on t h e  b a s i s  o f  t r i p l e  
measurements. 

Inves t iga t ion  was conducted on s i x  t e s t  s u b j e c t s  - -  on two be fo re  and 
a f t e r  r o t a t i o n  i n  t h e  SRR f o r  seven days a t  a  r o t a t i o n  v e l o c i t y  of  10 deg/sec,  
and on four  s u b j e c t s  (two s e r i e s  of experiments) before  and a f t e r  r o t a t i o n  f o r  /83 
t h r e e  days a t  a  r o t a t i o n  v e l o c i t y  o f  40 deg/sec,  

A l l  t e s t  s u b j e c t s  were acknowledged t o  be hea l thy  upon otorhinolaryngo- 
l o g i c a l  examination. There were no i l l n e s s e s  of t h e  o t s rh ino la ryngo log ica l  
organs during anamnesis, F luc tua t ions  o f  t h e  t o n a l  t h re sho lds  of hea r ing  
during a i r  conduction, according t o  t h e  d a t a  of B. Ye. Sheyvekhman and 
col leagues [4] ,  d i d  n o t  exceed t h e  ind iv idua l  spread of t h i s  i n d i c a t o r  i n  t h e  
norm. 

The i n v e s t i g a t i o n s  c a r r i e d  out i nd ica t ed  t h a t  a f t e r  r o t a t i o n  i n  t h e  SRR 
a t  a  v e l o c i t y  o f  10 deg/sec, f l u c t u a t i o n s  of t o n a l  t h re sho lds  a r e  noted ,  
p r imar i ly  i n  t h e  zone o f  low and high tones  (125, 250 Hz and 6000-10,000 Hz). 
An inc rease  i n  t h re sho lds  (of t h e  s e n s i t i z a t i o n  type)  was observed i n  sub jec t  
N (Figure 1 ) .  F luc tua t ions  o f  t ona l  th resholds  were wi th in  ranges o f  5-20 db, 
which (according t o  t h e  d a t a  of  B.  Ye. Sheyvekhman and col leagues [4])  
s l i g h t l y  exceed t h e  d a i l y  f l u c t u a t i o n s  of t h e  th re sho lds .  

I n v e s t i g a t i o n  of d i f f e r e n t i a l  t h re sho lds  f o r  both frequency and i n t e n s i t y  
d id  not  r evea l  dev ia t ions  from the  norm. Auditory adapta t ion  i n  t e s t  
sub jec t  N was d i s r u p t e d  f o r  low, middle and h igh  tones  f o r  t h e  f i r s t  day a f t e r  
t h e  experiment. On t h e  second day a  v a r i a t i o n  i n  adap ta t ion  was observed only  
f o r  high tones.  We d i d  not  no te  a-ny d i s rup t ions  o f  adap ta t ion  i n  t e s t  
s u b j e c t  G .  

A f t e r  r o t a t i o n  i n  t h e  SRR a t  a  v e l o c i t y  of 40 deg/sec,  two o f  t h e  fou r  
s u b j e c t s  examined complained of a  s ensa t ion  of  blocking of t h e  e a r s  and of 
n o i s e  i n  t h e  head and e a r s  f o r  6-8 hours  a f t e r  terninat i .cn of t h e  experiment.  
The ind ica t ed  phenomena disappeared a f t e r  s l e e p .  



Figure 1 .  Audiogram of  Test  Subject Figure 2 .  Audiogram of Test  Subject  
N-n. Rotation a t  a ve loc i ty  of R-v (40 deg/sec) . The nota t ions  a r e  
10 deg/sec; a ,  Before r o t a t i o n ;  the  same as i n  Figure 1 .  
b ,  After  r o t a t i o n  

I n v e s t i g a t i o n  o f  t o n a l  t h re sho lds  of hear ing  a f t e r  t h e  experiment 
d i s c l o s e d  a s i g n i f i c a n t  i nc rease  i n  t h re sho lds  (15-20 db) t o  h igh  tones 
(2000, 3000 and 6000 Hz) i n  t h r e e  o f  f o u r  sub jec t s  examined (Figure 2 ) .  

D i f f e r e n t i a l  t h re sho lds  of  sound i n t e n s i t y  dur ing  background examikation, - / 8 4  
according t o  d a t a  of  t h e  l i t e r a t u r e  [ 2 ,  91, corresponded t o  t h e  ind iv idua l  
spread o f  t h i s  i n d i c a t o r  i n  t h e  norm. Af t e r  r o t a t i o n  i n  t h e  SRR t h r e e  
s u b j e c t s  d i sp layed  a  s i g n i f i c a n t  decrease  of d i f f e r e n t i a l  t h re sho lds  exceeding 
t h e  ind iv idua l  spread of t h i s  i n d i c a t o r  i n  t h e  norm. 

No d i s r u p t i o n s  of adapta t ions  dur ing  background examination i n  our  t e s t  
s u b j e c t s  were noted;  a f t e r  t h e  experiment we noted i n  one o f  four  s u b j e c t s  
examined a  v a r i a t i o n  i n  aud i to ry  adap ta t ion  t o  h igh  tones ,  w i th in  t h e  l i m i t s  
o f  v a r i a t i o n s  of t h e  adaptogram wi th in  t h e  norm sometimes observed [3, 51. 

Thus, t h e  i n v e s t i g a t i o n s  ind ica t ed  t h a t  prolonged r o t a t i o n s  i n  a SRR a t  
v e l o c i t i e s  of 10 and 40 deg/sec may cause v a r i a t i o n s  i n  t h e  func t iona l  s t a t e  
of  t h e  aud i to ry  ana lyzer .  

Funct ional  s h i f t s  a r e  cha rac t e r i zed  s u b j e c t i v e l y  by a  s ensa t ion  of n o i s e  
i n  t h e  head and e a r s ,  by an o b j e c t i v e l y  s i g n i f i c a n t  i n c r e a s e  of aud i to ry  
th re sho lds  t o  high tones ,  and by d i s r u p t i o n  of  t h e  func t ion  of loudness.  The 
appearance o f  aud i to ry  v a r i a t i o n s  wi th in  f i v e  t o  s i x  hours  a f t e r  te rmina t ion  
o f  t h e  experiment i n d i c a t e s  t h e  r e l a t i v e  pe r s i s t ence  o f  d i s r u p t i o n s  of t h e  
func t iona l  s t a t e  of t h e  auditory ana lyzer .  The v a r i a t i o n s  noted may be  caused 
by a  complex o f  e f f e c t s  --  prolonged s t a y  i n  a  closed space o f  l imi t ed  volume, 
by t h e  e f f e c t o f  t h e  n o i s e  background of t h e  i n s t a l l a t i o n  and by r o t a t i o n  
i t s e l f .  

Comparisons of our  d a t a  with the  r e s u l t s  of  i n v e s t i g a t i o n s  by 
Yu. V .  Krylov [ l ]  and with d a t a  of the  i n v e s t i g a t i o n  of  hea r ing  a f t e r  seven 



days t  r o t a t i o n  a t  a v e l o c i t y  of  10 deg/sec permit  u s  t o  conclude t h a t  t h e  
c o n t r o l l i n g  f a c t o r  i n  v a r i a t i o n  o f  hear ing  with regard t o  a s t a y  i n  t h e  S R R  is  
t h e  v e l o c i t y  of  r o t a t i o n  and i t s  du ra t ion .  Yu, V .  Krylov [I] d i d  no t  observe /85 
s i g n i f i c a n t  v a r i a t i o n s  o f  hearing i n  con t ro l l ed  experiments without  r o t a t i o n  
i n  t h i s  i n s t a l l a t i o n  and a t  a r o t a t i o n  v e l o c i t y  of  5 . 3  deg/sec.  These v a r i -  
a t i o n s  were noted by him upon inc reas ing  r o t a t i o n  v e l o c i t y  o f  t h e  i n s t a l l a t i o n  
t o  10.6 deg/sec, 

In  our  i n v e s t i g a t i o n s ,  func t iona l  v a r i a t i o n s  of  hear ing  were more 
expressed a f t e r  three-day r o t a t i o n  a t  a v e l o c i t y  o f  40 deg/sec than  a f t e r  
seven-day r o t a t i o n  a t  a v e l o c i t y  o f  10 deg/sec.  Apparently,  i nc reas ing  t h e  
v e l o c i t y  o f  . r o t a t i o n  has t h e  g r e a t e r  e f f e c t .  

The mechanisms of i nd ica t ed  v a r i a t i o n s  of  hear ing  a r e  probably r e l a t e d  t o  
c e n t r a l  neurodynamic s h i f t s .  
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THE P H Y S I O L O G Y  OF THE VEST!BULAR A N A L Y Z E R  

THE EFFECT OF C E N T R I F U G A L  F O R C E  ON C A L O R I C  NYSTAGMUS 

V .  A.  Kislyaksv and I .  V. Orlov 

ABSTRACT. Variat ions i n  the thresholds of c a l o r i c  thermal 
nystagmus i n  pigeons due t o  the e f f e c t  of ce~! t r i fugal  force  
(0.1-1.0 g ) ,  ac t ing  i n  the ta i l -head o r  head-tai l  d i r e c t i o n ,  
were studied.  Charac te r i s t i c  va r i a t ions  i n  the thresholds 
(both an increase and decrease) and the d i rec t ion  :of 
nystagmus were found, depending on the magnitude and d i rec-  
t ion  of the  e f f e c t  of cent r i fugal  force .  

Generally accepted a t  present  i s  the  point  of view, according t o  which /86 - 
t h e  semici rcular  canals  sense angular acce le ra t ions ,  and t h e  o t o l i t h i c  
apparatus senses l i n e a r  accelera t ions ,  the  e f f e c t  of cen t r i fuga l  force  and 
v a r i a t i o n s  i n  g r a v i t a t i o n .  

However, t h i s  view was not  immediately es tabl i shed,  and some prominent 
s c i e n t i s t s  have proved t h a t  t h e  semici rcular  canals may r e a c t  t o  r e c t i l i n e a r  
acce le ra t ions  [Z,  101. In  1952, Szentagothai [ l l ]  presented t h e  foundation of 
t h i s  point  o f  view. 

There is a hypothesis ,  on t h e  b a s i s  of  which one may assume t h a t  i n t e r -  
ac t ion  of t h e  atrium receptors  and semicircular  canals  is  brought about 
through t h e  nerve centers  [3] .  A t  t h e  same time microelectrode inves t iga t ions  
of Gernandt [9] showed t h a t  t h e  e f f e c t  of cen t r i fuga l  fo rce  s u b s t a n t i a l l y  
d i s t o r t s  t h e  r eac t ion  of t h e  semici rcular  canals  t o  angular acce le ra t ion ,  
analyzed by the  a c t i v i t y  of individual  elements of the  eighth nerve. The 
condit ions of Gernandt's experiments permitted him t o  regard these  f a c t s  from 
t h e  point  of view of t h e  e f f e c t  of  cen t r i fuga l  fo rce  on t h e  cupulo- 
endolymphatic system without drawing i n  i n t e r a c t i o n  with the  o t o l i t h s .  

Regardless of t h e  a t t i t u d e  toward one o r  another point  of  view, it should 
be acknowledged t h a t  t h e  general  property of both t h e  semici rcular  canal 
system, a s  well  a s  t h a t  of t h e  atrium i s  t h e i r  organizat ion on the  p r i n c i p l e  
o f  i n e r t i a l  systems [6]. This circumstance has made it poss ib le  t o  f ind  such 
condit ions i n  experiment i n  which l i n e a r  accelera t ions  o r  t h e  e f f e c t  of  
g r a v i t y  may a f f e c t  t h e  cupulo-endolymphatic system of the  semici rcular  canals .  
Barany's c a l o r i c  t e s t  was e s s e n t i a l l y  the  f i r s t  such experiment [S]. 

Barany's b a s i c  concept of the  mechanism of c a l o r i c  v e s t i b u l a r  r eac t ions .  
was t h a t  about endolymph convection currents  a r i s i n g  due t o  t h e  e f f e c t  of  
temperature e f f e c t s  on the  semici rcular  canal .  Convection currents  a re  



t h e  r e s u l t  o f  v a r i a t i o n  i n  t h e  s p e c i f i c  g r a v i t y  o f  t h e  endolymph i n  t h i s  
s ec t ion  o f  t h e  cana l ,  where it i s  hea ted  or  cooled. The e f f e c t  of  t h e  - /87 
c a l o r i c  t e s t  depends on t h e  o r i e n t a t i o n  o f  t h e  cana l  with r e s p e c t  t o  t h e  
v e c t o r  of g r a v i t y .  Convection cu r ren t s  do no t  develop, according t o  Baranyts  
theory ,  i n  a  h o r i z o n t a l l y  pos i t ioned  cana l .  The assumption fol lows from t h i s  
theory  t h a t  c a l o r i c  r e a c t i o n s  should vary  due t o  t h e  in f luence  of a l t e r e d  
g r a v i t a t i o n .  This was o f t e n  proved by Bergstedt  [7] dur ing  experiments i n  
which c a l o r i c  nystagmus i n  humans were i n t e n s i f i e d  during r o t a t i o n  i n  a  
cent r i fuge .  An i nc rease  i n  t h e  dura t ion  o f  c a l o r i c  nystagmus due t o  t h e  
e f f e c t  o f  g- forces  was observed by Ye. M. Yuganov [4]  , 

In  our  r e sea rch  we s tud ied  v a r i a t i o n s  i n  t h e  th re sho lds  of thermal  
c a l o r i c  nystagmus i n  pigeons under t h e  e f f e c t  of cen t r i fuga l  fo rce .  Cervical  
c a l o r i c  nystagmus was caused by l o c a l  h e a t i n g  of t h e  r i g h t  l a t e r a l  semi- 
c i r c u l a r  cana l  by a  method developed i n  our  l abo ra to ry  [ I ] .  Heat ing temper- 
a t u r e  was recorded with t h e  he lp  o f  a  micro thermis tor  connected t o  t h e  pons. 
The method permi t ted  us  t o  determine t h e  th re sho ld  of  c a l o r i c  s t i m u l a t i o n  by 
simultaneous record ing  of nystagmus and t h e  curve of t h e  temperature i nc rease  
of t h e  cana l .  Nystagmus was recorded electromyographical ly .  The th re sho ld  o f  
c a l o r i c  r e a c t i o n  was regarded a s  t h e  minimum i n c r e a s e  i n  temperature a t  which 
nystagmus developed. Various grada t ions  of c e n t r i f u g a l  f o r c e  were obta ined  on 
a  r o t a t i n g  s t and  with programmed automatic c o n t r o l .  The pigeon was p laced  i n  
a  s p e c i a l  s t and  a t  a  d i s t a n c e  of  one meter from t h e  c e n t e r  o f  r o t a t i o n ,  with 
t h e  head poin ted  toward t h e  per iphery .  The b i r d  and the  s t and  were i n c l i n e d  
forward (nose downward) by 15-20" i n  o r d e r  t o  p l ace  t h e  l a t e r a l  s emic i r cu la r  
cana ls  i n  a  h o r i z o n t a l  p o s i t i o n .  The func t iona l  i n d i c a t o r  of  t h e  h o r i z o n t a l  
p o s i t i o n  o f  t h e  cana l  was ces sa t ion  of background nystagmus, which occurred  
a f t e r  exposure of t h e  canal  due t o  a  decrease  i n  i t s  temperature ( t o  33O). 
Convection cu r ren t s  i n  a canal  o r i e n t e d  i n  t h i s  manner ceased,  which ind ica t ed  
t h e  disappearance o f  co ld  nystagmus. 

In  our  experiments,  hea t ing  of  a  cana l  o r i e n t e d  h o r i z o n t a l l y  was 
accompanied by c a l o r i c  nystagmus, which apparent ly  developed due t o  expansion 
of  t h e  endolymph, r a t h e r  than  due t o  convection cu r ren t s .  I t  was assumed t h a t  
t h e  e f f e c t  of t h e  c a l o r i c  t e s t  should vary  under t h e  e f f e c t  of c e n t r i f u g a l  
f o r c e  because o f  t h e  v a r i a t i o n  i n  t h e  s p e c i f i c  g r a v i t y  o f  t h e  endolymph a t  t h e  
po in t  of hea t ing  with r e spec t  t o  t h e  remaining mass o f  t h e  endolymph. 

Two main s e r i e s  of  experiments were c a r r i e d  ou t .  I n  t h e  f i rs t  o f  them, 
c e n t r i f u g a l  f o r c e  was app l i ed  i n  t h e  d i r e c t i o n  of t h e  t a i l - h e a d .  Thresholds 
of c a l o r i c  nystagmus v a r i e d  be fo re  and during r o t a t i o n  a t  a  cons tan t  angular  
v e l o c i t y  with t h e  f o l l ~ w i n g  values of c e n t r i p e t a l  acce l e ra t ions  --  0.1 ,  0 .2 ,  
0.3,  0 .5,  0.75 and 1.0 g .  Measurements were taken 30 min a f t e r  p o s i t i v e  
a c c e l e r a t i o n  equal  t o  0.5 deg/sec2.  The i n t e r v a l s  between measurements were /88 
10 min. Moreover, c h a r a c t e r i s t i c  v a r i a t i o n s  o f  t h re sho lds  and t h e  d i r e c t i o n s  
o f  c a l o r i c  nystagmus were revea led  ( a l l  d a t a  were processed s t a t i s t i c a l l y  by 
t h e  Fischer-Student  method). Thresholds w i t h i n  t h e  range t o  0 .2  g ,  i n c l u s i v e ,  
increased  on t h e  average by 1 . 5  t imes with r e s p e c t  t o  t h e  i n i t i a l  l e v e l  
measured before r o t a t i o n .  Upon a c c e l e r a t i o n  equal  t o  0 .3  g ,  c a l o r i c  nystagmus 
d id  not  develop even a t  an increased  temperature by 7', whereas be fo re  



r o t a t i o n  t h e  th re sho ld  was 2 . 4  .? 0.23" ( the  zero po in t  of t h e  reading  was 
assumed t o  be t h e  temperature of t h e  exposed semic i r cu la r  c a n a l ) .  Upon 
a c c e l e r a t i o n  equal  t o  0 , s  g,  r eve r s ion  of t h e  d i r e c t i o n  of c a l o r i c  nystagmus 
was observed, which may b e  explained by v a r i a t i o n  i n  t h e  d i r e c t i o n  of endo- 
lymph flows i n  t h e  cana l .  A f u r t h e r  i nc rease  i n  a c c e l e r a t i o n  caused a  
dec rease  i n  t h e  th re sho lds  of  reversed  c a l o r i c  nystagmus. A t  an a c c e l e r a t i o n  
of 0.75 g  it decreased by 2.5 t imes,  and a t  1 .0  g  -- by 8 t imes  with r e s p e c t  
t o  t h e  va lue  corresponding t o  a c c e l e r a t i o n  of  0 .5  g. 

In  t h e  second s e r i e s  o f  experiments,  c e n t r i f u g a l  f o r c e  was appl ied  i n  t h e  
h e a d - t a i l  d i r e c t i o n .  In  t h i s  s e r i e s  t h e  dependence of c a l o r i c  t h re sho lds  on 
c e n t r i f u g a l  f o r c e  was d i f f e r e n t .  A t  a c c e l e r a t i o n  of 0 .5  g ,  t h e  th re sho ld  
decreased  t o  70%, and a t  a c c e l e r a t i o n  o f  1 . 0  g  -- t o  22% ( t h e  th re sho ld  be fo re  
r o t a t i o n  i s  assumed t o  b e  100%). No r e v e r s a l  of t h e  d i r e c t i o n  o f  nystagmus 
was observed during t h e s e  experiments.  

F ina l ly ,  a d d i t i o n a l  experiments with r o t a t i o n ,  during which t h e  pigeon 
was pos i t i oned  on a  tangent  t o  t h e  per iphery ,  i nd ica t ed  t h a t  under such 
cond i t i ons  c e n t r i f u g a l  fo rce  does no t  a f f e c t  t h e  th re sho lds  of c a l o r i c  
nys tagmus . 

We at tempted during t h e  experiment t o  s tudy  t h e  descr ibed  phenomena 
from t h e  p o i n t  of view of  hydrodynamic p r o p e r t i e s  of t h e  cupulo-endolymphatic 
system o f  t h e  semic i r cu la r  cana l .  The hypothesis  is  expressed about develop- 
ment of  endolymph s h i f t s  i n  t h e  r i n g  system o f  t h e  semic i r cu la r  canals  due t o  
t h e  e f f e c t  of c e n t r i f u g a l  f o r c e .  Var ia t ions  i n  t h e  th re sho lds  of  c a l o r i c  
nystagmus, and a l s o  i t s  r e v e r s a l  under t h e  e f f e c t  of  c e n t r i f u g a l  fo rce ,  a r e  
regarded a s  t h e  r e s u l t  o f  a lgeb ra i c  summation o f  endolymph s h i f t s  i n  t h e  
semic i r cu la r  canal  due t o  t h e  e f f e c t  of c a l o r i c  a c t i v i t y  and c e n t r i f u g a l  
f o r c e .  

The d a t a  obta ined  may a t  f i r s t  glance seem a r t i f i c i a l ,  occurr ing on ly  
under condi t ions  of a  s p e c i a l l y  s e t  up experiment and r a t h e r  improbable i n  t h e  
n a t u r a l  l i f e  of an organism. However, t h e r e  i s  t h e  hypothes is  t h a t  t h e  
d i f f e r e n c e  i n  t h e  s p e c i f i c  g r a v i t y  of  t h e  endolymph and cupula by0.0001.may be  
s i g n i f i c a n t ,  which causes super threshold  dev ia t ion  o f  t h e  cupula due t o  t h e  
e f f e c t  o f  g r a v i t a t i o n a l  a c c e l e r a t i o n  [8].  I n  our  experiments t h e  d i f f e r e n c e  
o f  t h e  s p e c i f i c  g r a v i t i e s  i n  t h e  endolymph of  t h e  semic i r cu la r  canal  was 
c r e a t e d  by l o c a l  hea t ing  of a  s e c t i o n  i n  i t s  l a t e r a l  reg ion .  Moreover, 
c e n t r i f u g a l  f o r c e  c l e a r l y  a l t e r e d  t h e  r e s u l t s  of t h e  c a l o r i c  t e s t .  

I n  modern a v i a t i o n  and space f l i g h t s ,  i n  which t h e  v e s t i b u l a r  appara tus ,  - /89 
a long  with o t h e r  systems of t h e  organism, i s  under condi t ions  removed from t h e  
ground range of e f f e c t s ,  t h e  p r o b a b i l i t y  i nc reases  t h a t  unusual r e a c t i o n s  w i l l  
appear .  

The proposed model of  experiments with a  combination of  temperature 
and r o t a t i o n a l  t e s t s  i s  a  convenient method of s tudying t h e  func t ion  of  t h e  
l a b y r i n t h  i n  an a l t e r n a t i n g  g r a v i t a t i o n a l  f i e l d .  
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C H A R A C T E R 1  ST! CS O F  THE FUNCT I C N A L  STATE O F  THE GTOL ITH I C 
APPARATUS U N D E R  C O N D I T I O N S  O F  V A R I A B L E  W E I G H T  

Ye. M. Yuganov and A .  i .  Gorshkov 

ABSTRACT. The functional  s t a t e  of the o t o l i t h i c  apparatus 
was studied under condit ions of weightlessness and G-loads 
using galvanometry and a method of d i r e c t  otol i thometry 
developed by the authors.  i t  was revealed t h a t  under con- 
d i t ions  of br ief  periods 6 f  weightlessness,  thresholds t o  
current  and l i n e a r  accelera t ion  increase uniformly, on the 
basis  of which i t  i s  concluded tha t  weightlessness i s  a  spe- 
c i f i c  stimulus of the ves t ibu la r  apparatus.  The a r t i c l e  has 
e igh t  references.  

There i s  a t  present  no s i n g l e  opinion about t h e  mechanism and nature  o f  
t h e  e f f e c t  o f  weightlessness on the  v e s t i b u l a r  analyzer .  There a re  various 
concepts,  each of which i s  based on general t h e o r e t i c a l  ideas  and ext rapola-  
t i o n  of  da ta  of the  o v e r a l l  physiology with respect  t o  conditions o f  
decreased weight. Regarding the  quest ion of the  physiological  mechanisms of 
space motion s ickness ,  the  authors r e l a t e  i t s  development t o  d is rupt ion  of the  
func t iona l  arrangement of various analyzer  systems [ I ] ,  t o  the  e f f e c t  of 
Cor io l i s  accelera t ions  which develop when the  head i s  moved with respect  t o  
t h e  cen te r  of poss ib le  r o t a t i o n  of a  spaceship [2],  t o  an increase  i n  the  
s t imula t ion  of the  receptor  formations of  the  semicircular  canals ,  and t o  t h e  
consequence of a l l e v i a t i o n  of  i n h i b i t i n g  e f f e c t s  from t h e  o t o l i t h  apparatus 
due t o  i t s  funct ional  cutoff  i n  weightlessness 12, 6-81. In connection with /90 
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t h a t  presented above, i t  i s  important t o  study the  c h a r a c t e r i s t i c s  of the  
funct ion  o f  t h e  o t o l i t h  apparatus under conditions of va r i ab le  weight. This 
would make it poss ib le  t o  explain whether t h i s  f a c t o r  i s  a s p e c i f i c  stimulus 
of the  neuroreceptor formations of the  o t o l i t h i c  apparatus,  o r  whether 
weightlessness i s  a s t a t e  equivalent  t o  t h e  absence o f  a  s t imulus.  I f  weight- 
l e s sness  is t h e  absence of  a  s t imulus,  by taking as a  bas i s  the  reasoning of  
V. A. Ukhtomskiy's concept o f  dominance, we may consider t h a t  the re  i s  a  
decrease i n  the  thresholds  of  s t imula t ion  of t h e  o t o l i t h i c  apparatus during 
weightlessness with respect  t o  t h e  e f f e c t  o f  adequate s t imula t ions .  Being 
guided by t h e  theory of V. I .  Voyachek and K .  L. Khilov on the  i n t e r a c t i o n  
o f  t h e  o t o l i t h i c  and cupular organs o f  t h e  ves t ibu la r  analyzer ,  one should 
assume t h a t  i n  t h i s  case,  i n  connection with a s t a t e  s imi la r  t o  physiological  
otol i thectomy, the re  is  d i s rup t ion  of the  funct ional  arrangement between 
var ious  p a r t s  of the  analyzer ,  which should be manifested i n  the  known 
" s p l i t t i n g "  of t h e  reac t ions  - -  a c t i v a t i o n  of  v e s t i b u l a r  nystagmic reac t ion  
and i n h i b i t  ion of  ves t ibulo-vegeta t ive  r e f l exes .  

Determining t h e  nature  and degree o f  v a r i a t i o n  i n  the  s e n s i t i v i t y  of  t h e  
o t o l i t h i c  and cupular organs of  t h e  ves t ibu la r  analyzer and t h e i r  funct ional  
s t a t e  during weightlessness i s  extremely important not  only from a general 
t h e o r e t i c a l  point  of view, but a l so  i n  p r a c t i c e  f o r  medical guarantee of  



space f l i g h t s .  Study of t h i s  problem i s  b e n e f i c i a l  f o r  r e f i n i n g  methods and 
c r i t e r i a  of  v e s t i b u l a r  s e l e c t i o n ,  t r a i n i n g  an8 processing of c e r t a i n  o t h e r  
means of prevent ing  v e s t i b u l a r  d i so rde r s  during o r b i t a l  f l i g h t ,  i n  g z r t i c u l a r  
of t h e  problem of  a r t i f i c i a l  weight lessness .  

During t h e  course of so lv ing  t h i s  problem, our  i n v e s t i g a t i o n s  under  
normal ground condi t ions  and during increased  weight were c o n t r o l l e d .  
Moreover, s tudy of  t h e  na tu re  of v e s t i b u l a r  r e a c t i o n s  due t o  t h e  e f f e c t  of  
c e n t r i f u g a l  f o r c e s  a l s o  assumes an independent s i g n i f i c a n c e  -- t h e  d u r a t i o n  
and amount of  g- loads ac t ing  on t h e  organism of t h e  p i l o t  have increased  
s i g n i f i c a n t l y  i n  a v i a t i o n  and space f l i g h t s .  

Study of t h e  func t iona l  s t a t e  of t h e  o t o l i t h i c  apparatus  under condi t ions  
of weight lessness  and g-loads was c a r r i e d  out by means of galvanometry and by 
t h e  method of d i r e c t  o to l i thometry  proposed by u s .  The l a t t e r  method makes 
poss ib l e  d i r e c t  determinat ion of  s e n s i t i v i t y  thresholds  of  t h e  o t o l i t h i c  
apparatus  t o  l i n e a r  acce l e ra t ions .  The s e n s i t i v i t y  threshold  was assumed t o  
be t h e  minimum va lue  o f  l i n e a r  a c c e l e r a t i o n ,  under t h e  e f f e c t  of which t h e  
t e s t  s u b j e c t  wi th  c losed  eyes experienced t h e  sensa t ion  of motion. 

Thresholds were determined under ground cond i t i ons ,  under cond i t i ons  o f  
weight lessness ,  and under t h e  in f luence  of g- loads with t h e  h e l p  o f  t h e  
so -ca l l ed  s t and  o f  a c c e l e r a t i o n  s e n s i t i v i t y  developed by A .  I .  Gorshkov. The - /91 
s tand  makes it p o s s i b l e  t o  s tudy s e n s i t i v i t y  t h re sho lds  o f  t h e  o t o l i t h s  w i t h i n  
a c c e l e r a t i o n  ranges from 0.0001 t o  0 . 1  g a t  va r ious  pos i t i ons  of t h e  t e s t  
s u b j e c t .  However, dur ing  p re sen t  experiments i n  weight lessness ,  t h e  t e s t  sub- 
j e c t  i s  placed i n  a  r e c l i n i n g  p o s i t i o n ,  and t h e  p la t form of t h e  s t and  i s  
a l t e r n a t e l y  pos i t i oned  i n  t h e  head-fee t  and feet-head d i r e c t i o n .  

Cont ro l led  experiments under ground condi t ions  were conducted on 
212 s u b j e c t s .  The s t u d i e s  i n d i c a t e d  t h a t  s e n s i t i v i t y  t h re sho lds  of t h e  
o t o l i t h i c  apparatus  i n  s u b j e c t s  c l i n i c a l l y  hea l thy  i n  t h e  otorhinolaryngo- 
l o g i c a l  sense  under ground condi t ions  a r e  w i th in  t h e  l i m i t s  of  0.001-0.03 g.  

S imi l a r  s t u d i e s  under condi t ions  o f  b r i e f  weight lessness  were conducted 
on p a r t  o f  t h e s e  s u b j e c t s  using an a c c e l e r a t i o n  s t and ,  which was i n s t a l l e d  i n  
a  l abo ra to ry  a i r c r a f t ,  making it p o s s i b l e  t o  develop weight lessness  o f  
25-30 s e c  du ra t ion  i n  pa rabo l i c  f l i g h t .  Thresholds were measured a t  t h e  
t e n t h  and twenty-second seconds of weight lessness ,  and i n  those  cases  when 
t h i s  per iod  was inadequte t o  measure t h e  th re sho ld ,  - -  under t h e  repea ted  
e f f e c t  of  weight lessness .  The r e s u l t s  of t h e  s t u d i e s  obta ined  under  ground 
condi t ions  and weight lessness  were compared, which made i t  p o s s i b l e  t o  judge 
t h e  ex t en t  and d i r e c t i o n  of  v a r i a t i o n  i n  s e n s i t i v i t y  t h re sho lds  of t h e  
o t o l i t h i c  appara tus  during f l i g h t .  

One hundred n ine ty - f ive  experiments were conducted i n  weight lessness  
with p a r t i c i p a t i o n  of  51 s u b j e c t s .  The i n v e s t i g a t i o n s  ind ica t ed  t h a t  i n  a l l  
cases  without except ion ,  s e n s i t i v i t y  t h re sho ld  va lues  of  t h e  o t o l i t h i c  
apparatus  under condi t ions  of weight lessness  increased  by 1 .4-2 .1  t imes  with 
r e spec t  t o  t h e i r  "ground" va lues .  I t  i s  important t o  note  t h a t  i n  an 



overwhelming number of cases t h e  sensation of motion during weightlessness 
developed i n  t he  subject  when movement was i n  the  di rect ion from head t o  f e e t .  

Investigations of t h e  s ens i t i v i t y  thresholds of the  o t o l i t h i c  apparatus 
during the  e f f ec t  of g-loads were conducted a t  a g-load value of two u n i t s  
with par t i c ipa t ion  of 35 subjects .  I n  t h i s  case, the  acceleration s tand was 
mounted on the  platform of a centrifuge having a radius of 7..25 m,  such tha t  
i t s  platform was sh i f t ed  perpendicular t o  the  vector of g-load e f f ec t .  

Results of the  experiment indicated t h a t  under the  e f fec t  of g-loads, 
t h e  s ens i t i v i t y  thresholds of t he  o t o l i t h s  t o  l inear  accelerations increase 
by 1.5-2 times. 

In the  second s e r i e s  of experiments, the  s t a t e  of s e n s i t i v i t y  thresholds 
of the  o t o l i t h i c  apparatus t o  galvanic current was studied.  The thresholds 
were measured with the  help of a s e r i e s  EI-1 e l e c t r i c  pulsating device. A 
galvanic current  with an i n t ens i t y  of 0.5-6.0 ma having a three-second 
duration of exposure was employed. So-called transverse galvanization was 
conducted. The negative electrode was attached t o  t he  skin  of the  face  i n  
f ron t  of t he  tragus of t he  l e f t  ear ,  and the  pos i t ive  electrode a t  the  - /92 
same point  near the  r i gh t  ear .  A minimum current i n t ens i t y ,  a t  which t he  
i l l u s ion  of r o l i i ng  i n  t h e  di rect ion of the  anode developed, was specif ied i n  
t h e  s tudies .  This value of current was assumed t o  be the  threshold value. 
Thresholds were studied with the  subject  having h i s  eyes closed under 
ordinary conditions, under the  e f f ec t  of g forces and weightlessness. Two 
hundred forty-eight experiments were ca r r ied  out on 22 subjects .  

The data of t h e  experiments indicated a uniform increase of s e n s i t i v i t y  
thresholds of t he  o t o l i t h i c  apparatus t o  current ,  both during the  period of 
g-load e f fec t  and during weightlessness. 

Taking a s  a bas i s  A. A. Ukhtomskiyls concept of dominance and 
I .  P. Pavlov's study on t he  i r r ad i a t i on  and concentration of nervous 
processes i n  the  cerebral  cortex, we assume tha t  st imulation of the  o t o l i t h i c  
apparatus by weightlessness creates  a dominant st imulation of corresponding 
regions of the  brain ,  and according t o  t h e  law of dominance causes inh ib i t ion  
of  impulses a r i s ing  due t o  the  e f fec t  of l inear  accelerations on the  o t o l i t h i c  
apparatus. One may assume tha t  t h i s  hypothetical mechanism i s  the  bas i s  and 
determines the  uniform increase of stimulation thresholds of the  ves t ibu la r  
analyzer t o  current and l i nea r  accelerations under these conditions. 

The experiments conducted make it possible t o  obtain the necessary data 
on t he  extent  and d i rec t ion  of var ia t ion  i n  s e n s i t i v i t y  thresholds of t h e  
o t o l i t h i c  apparatus under b r i e f  e f f ec t s  of weightlessness and g-loads. 
However, they i n  no way permit determination of the  spec i f ic  nature of 
st imulation processes a r i s ing  under these e f fec t s .  The l a t t e r  f a c t  was 
es tabl ished with t he  help of averaged methods and primarily by recording the  
main indicators  of post - rot  a t  ional  and ca lor ic  nystagmus under these 
conditions. 



The experimental d a t a  i n d i c a t e  t h a t  dura t ion  of nystagmic r e a c t i o n  during 
weightlessness decreases,  and t h e  dura t ion  of v e s t i b u l a r  nystagmus under t h e  
e f f e c t  of  g-loads increases .  The na tu re  of t h e  v a r i a t i o n  i n  cupular r eac t ions  
permits us t o  assume t h a t  weightlessness and increased weight o f  man a r e  
s t a t e s  of t h e  organism, each of which i s  charac ter ized  by s p e c i f i c  s t imula t ion  
of  t h e  o t o l i t h i c  apparatus. 
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M I  C R O E L E C T R O D E  INVEST1 G A T I O N  OF THE VEST1 BULAR NEURONS 
OF THE M E S E N C E P H A L O N  

1 .  I ,  Leshchinyuk and V .  A .  Kislyakov 

ABSTRACT, The e f f e c t  of a f f e r e n t  ves t ibu la r  pulsat ion on 
neuron a c t i v i t y  of the i n f e r i o r  tubers of t h e  lamina 
quadrigernina was invest igated under condit ions of d i r e c t  
current  polar iza t ion  and acoust ical  and c a l o r i c  stimula- 
t ion  of the labyr in th .  The experiments were conducted on 
decerebrarized c a t s .  The presence of neurons i n  the i n -  
f e r i o r  corpus bigeminurn was shown. The type of react ion 
of neurons s tudied  i s  broader than t h a t  i n  the  ves t ibu la r  
neurons of the  medulla oblongata. 

Much a t t e n t i o n  i s  being given a t  present  t o  s tudy o f  the  funct ional  
organizat ion of t h e  c e n t r a l  sec t ions  of the  v e s t i b u l a r  system. Most i n v e s t i -  
ga t ions  a r e  devoted t o  s tudy of  t h e  processes of  i~ifozmation processing i n  t h e  
bulbar  [3 ,  91 and c o r t i c a l  sec t ions  of the  b r a i n  [ 2 ,  7,  8,  10, 121. 

Some authors attempted t o  solve the  problem of  representing v e s t i b u l a r  
a f f e r e n t  systems a t  t h e  l e v e l  of the  mesencephalon. 

Gernandt [S], employing adequate v e s t i b u l a r  s t imula t ion ,  observed v a r i -  
a t ions  i n  neuron a c t i v i t y  i n  t h e  lower tubers  o f  the  lamina quadrigemina. 

We undertook t h e  present  research f o r  t h e  purpose of studying t h e  e f f e c t  
of a f f e r e n t  ves t ibu la r  pulsa t ion  on neuron a c t i v i t y  o f  t h e  mesencephalon, i n  
p a r t i c u l a r  of t h e  lower tubers  o f  t h e  lamina quadrigemina. 

Method 

The experiments were conducted on decerebral ized c a t s .  . The tendons of  
t h e  o c c i p i t a l  muscles were sectioned along t h e  c r e s t  of the  o c c i p i t a l  bone, 
and an access was opened t o  t h e  . r ight  and l e f t  b u l l a .  Both b u l l a s  were 
exposed. After  t h e  craniotomy a t r a n s c o r t i c a l  sec t ion  of t h e  b r a i n  was made 
along a l i n e  passing 2 mm from the  f r o n t  edge of t h e  upper tubers  of t h e  
lamina quadrigemina (a trans-mesencephalic s e c t i o n ) ,  and t h e  tentorium and t h e  
upper sec t ion  of  t h e  cerebellum were separated.  The animal was administered a 
myorelaxant, t r ans fe r red  t o  a r t i f i c i a l  r e s p i r a t i o n  and f ixed i n  a  s t e reo-  
t a c t i c  device. A t  f i r s t  t he  microelectrode was inse r t ed  under v i s u a l  con t ro l .  
Later  s h i f t i n g  of t h e  e l ec t rode  was accomplished i n  accordance with the  
s t e r e o t a c t i c  coordinates of t h e  a t l a s  o f  the  c a t  b r a i n  of Snider and Niemer 
[ l l ] .  During t h e  e n t i r e  experiment t h e  animal was warmed a r t i f i c i a l l y  by an - /94 

P 

attachment fed from a water u l t ra thermosta t .  



Poten t i a l s  were l e d  o f f  e x t r a c e l l u l a r l y  and were fed through a cathode 
repeater  t o  t h e  input  of a UBP1-01 ampl i f ie r .  Recording of  p o t e n t i a l s  was 
accomplished from t h e  screen of an OK-21 cathode osc i l lograph.  

The background rhythmic a c t i v i t y  of  individual  neurons of t h e  corpus 
bigeminum were recorded, and v a r i a t i o n s  i n  t h e i r  rhythm i n  response t o  i p s i -  
and c o n t r a l a t e r a l  po la r i za t ion  of t h e  wall  of  the  round f e n e s t r a  by a d i r e c t  
current  of 100-200 ua were studied.  Moreover, acoust ic  (white noise)  and 
c a l o r i c  s t imula t ion  were employed. I n  t h e  l a t t e r  case the  round f e n e s t r a  was 
i r r i g a t e d  by 10 mR of cold water (12") . 

Results of the Invest igat ion 

Single neurons inves t iga ted  i n  t h i s  paper were recorded i n  the  lower 
tubers of the  lamina quadrigemina. Ninety-two spontaneously a c t i v e  and e igh t  
mute neurons were s tudied .  The main pulse  a c t i v i t y  of t h e  neurons was i n  t h e  
form of constant discharge of two-phase peak p o t e n t i a l s ,  pr imar i ly  o f  
i r r e g u l a r  rhythm, Monophase peaks, both p o s i t i v e  and negative,  were 
recorded along with two-phase peaks. The frequency of discharges of the  
spontaneously ac t ive  neurons of t h e  lower tubers  of the  lamina quadrigemina 
f luc tuated  over broad ranges from 0.1 t o  60 pulses  per  second, The major i ty  
of  spontaneously ac t ive  neurons, and a l s o  s i l e n t  neurons recorded responded t o  
po la r i za t ion  of t h e  labyr in ths  by a d e f i n i t e  v a r i a t i o n  i n  a background rhythm. 

Moreover, o f  92 spontaneously a c t i v e  u n i t s ,  20 neurons did not  respond t o  
po la r i za t ion  of the  labyr in ths .  The type of  r eac t ions  of t h e  remaining 
neurons developing i n  response t o  i p s i -  and c o n t r a l a t e r a l  po la r i za t ion  of  the  
labyr in ths  could be c l a s s i f i e d  a s  a function of the  va r i a t ions  i n  background 
rhythmic a c t i v i t y .  

Variat ions i n  spontaneous rhythm upon i p s i l a t e r a l  po la r i za t ion  were 
studied i n  52 neurons. The r e s u l t s  of  these  experiments indica ted  t h a t  
spontaneously a c t i v e  c e l l s  respond d i f f e r e n t l y  t o  t h e  e f f e c t s  of d i r e c t  
current  of p o s i t i v e  o r  negative s ign .  They may be subdivided i n t o  s e v e r a l  
types according t o  the  na ture  o f  the  r eac t ion  t o  po la r i za t ion .  

In most neurons (20) spontaneous a c t i v i t y  was suppressed by t h e  anode and 
i n t e n s i f i e d  by t h e  cathode. We include i n  the  second group 11 neurons i n  
which a c t i v i t y  was e l i c i t e d  by t h e  anode and disappeared upon p o l a r i z a t i o n  
of the  cathode. 

We may include i n  t h e  t h i r d  type n ine  neurons which were inh ib i t ed  by 
current  of  any p o l a r i t y .  

The four th  group includes s i x  neurons, t h e  pulse a c t i v i t y  of which - / 95 
increased upon po la r i za t ion  by current  of  any p o l a r i t y .  



Besides neurons having spontaneous rhythmic a c t i v i t y ,  e igh t  s i l e n t  
neurons were discovered which displayed t h e i r  own a c t i v i t y  upon cathodizat ion.  

A s  we know, t h e  ves t ibufa r  apparatus i s  a dual organ and has dual 
representa t ion a t  d i f f e r e n t  l e v e l s  of t h e  cen t ra l  nervous system. The most 
d i s t i n c t  pos i t ion  i s  demonstrated a t  the  l eve l  of ves t ibu la r  nuc le i  of  t h e  
bulbar  complex and t h e  cerebra l  cortex [ l ,  3,  4,  6 ,  131, 

In connection with t h i s  we inves t igated  the  in te rac t ion  between v e s t i -  
b u l a r n u c l e i  o f t h e  l e f t  and r i g h t  tubers  of the  p o s t e r i o r  corpus bigeminum. 
It should be emphasized t h a t  i n  order t o  conduct these  experiments, t h e  method 
of  po la r i za t ion  which made it poss ib le  t o  s e l e c t i v e l y  s t imula te  only one 
labyr in th  was extremely valuable.  Both labyr in ths  a re  ac t ivated  upon adequate 
s t imula t ion.  

In the  given s e r i e s  of experiments, t h e  reac t ion  of 28 spontaneously 
a c t i v e  neurons were inves t igated  according t o  t h e i r  responses t o  i p s i -  and 
c o n t r a l a t e r a l  s t imula t ion of t h e  labyr in th .  Of them 10 neurons responded 
rec ip roca l ly  t o  i p s i -  and con t ra la te ra l  po la r i za t ion .  Their  a c t i v i t y  was 
suppressed upon po la r i za t ion  by an i p s i l a t e r a l  anode, and was i n t e n s i f i e d  upon 
po la r i za t ion  by t h e  cathode. Polar iza t ion by t h e  anode of t h e  c o n t r a l a t e r a l  
labyr in th  caused an increase  i n  rhythmic a c t i v i t y ,  and po la r i za t ion  by t h e  
cathode r e s u l t e d  i n  i n h i b i t i o n .  

Six neurons were ac t ivated  by both i p s i l a t e r a l  and con t ra la te ra l  polar -  
i z a t i o n  of current  of any s ign.  

An opposite type of react ion t o  po la r i za t ion  was observed i n  two neurons. 
Two neurons were ac t iva ted  by an i p s i l a t e r a l  anode and c o n t r a l a t e r a l  cathode. 
The e f f e c t  of t h e  i p s i l a t e r a l  cathode and c o n t r a l a t e r a l  anode inh ib i t ed  t h e i r  
a c t i v i t y .  One neuron was inhibi ted  by the  i p s i -  and con t ra la te ra l  anode and 
ac t iva ted  by two-way cathodizat ion.  Two neurons did not a l t e r  t h e i r  rhythm t o  
c o n t r a l a t e r a l  po la r i za t ion ,  but  responded t o  i p s i l a t e r a l  polar iza t ion.  One 
neuron was ac t iva ted  by con t ra la te ra l  po la r i za t ion  (cathode and anode) and by 
an i p s i l a t e r a l  cathode, but  suppressed by an i p s i l a t e r a l  anode. Reaction of  
two other  neurons was characterized by suppression of rhythmic a c t i v i t y  t o  
both anodes and absence of r eac t ion  t o  cathodizat ion.  

Besides t h e  described types of  react ions  of neurons t o  po la r i za t ion  of 
t h e  labyr in ths ,  neurons were a l so  observed i n  which polar iza t ion caused an 
i n i t i a l  increase  i n  spontaneous rhythm, but inh ib i t ion  a t  t h e  end of s t imula-  
t i o n .  In some neurons t h e  react ion t o  po la r i za t ion  proceeded according t o  
t h e  on-and-of f  e f f e c t .  

The c a l o r i c  t e s t  was applied t o  seven neurons react ing rec ip roca l ly  t o  - /96 
labyr in th  po la r i za t ion .  In f i v e  neurons inves t igated ,  react ion of t h e  i p s i -  
and c o n t r a l a t e r a l  round f e n e s t r a  t o  i r r i g a t i o n  by cold water was a l so  
rec ip roca l ,  and i n  two neurons reac t ion  was single-valued ( inhibi ted) .  



Acoustic s t imula t ion  of a number of neurons indica ted  t h a t  t h e r e  a r e  
neurons i n  t h e  lower corpus bigeminum which r e a c t  not  only t o  p o l a r i z a t i o n  and 
acous t i c  s t imula t ion ,  but  t o  both e f f e c t s .  

Conclusion 

The r e s u l t s  of t h i s  paper i n d i c a t e  t h a t  the re  a r e  neurons i n  t h e  lower 
corpus bigeminum which receive  a f f e r e n t  pu l sa t ion  from t h e  v e s t i b u l a r  appar- 
a tus .  

The types of neuron react ions  t o  i p s i -  and c o n t r a l a t e r a l  p a l a r i z a t i o n  of  
the  l abyr in ths  presented p a r t i a l l y  agree with t h e  types of neuron reac t ions  of  
t h e  bulbar  complex. However, i n  our experiments we obtained a wide range of  
neuron reac t ions  of t h e  pos te r io r  corpus bigeminum compared t o  types  o f  neuron 
reac t ions  presented i n  the  l i t e r a t u r e  f o r  v e s t i b u l a r  neurons of  t h e  medulla 
oblongata [ I ,  41 . 

I t  should be noted t h a t  neuron reac t ions  of t h e  lower corpora bigeminum 
t o  s t imula t ion  of d i f f e r e n t  modal i t ies  i n d i c a t e  the  presence i n  them of 
mono- and bisensory elements. 

Analysis o f  neuron react ions  of t h e  lower corpus bigeminum t o  l abyr in th  
po la r i za t ion  and rec ip roca l  r e l a t ionsh ips  between neurons of the  i p s i -  and 
c o n t r a l a t e r a l  s i d e s  permits us t o  express t h e  assumption about t h e  presence of 
d i r e c t  and i n t e r s e c t i n g  l inks  of  t h e  l abyr in th  with formations of t h e  
mesencephalon. 
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M I  C R O E L E C T R O D E  I N V E S T I G A T I O N  OF N E U R O N  R E A C T I O N S  OF THE 
V E S T I B U L A R  N U C L E I  I N  THE CAT UPON POLARIZATION AND 

C A L O R l  C ST1 MULATION OF THE L A B Y R l  NTHS 

G .  I .  Gorgiladze 

ABSTRACT. Activi ty of ves t ibu la r  neurons and the nature 
of t h e i r  reaction t o  st imulat ion of the ips i -  and contra- 
l a t e r a l  labyr in ths ,  and a l s o  the e f f e c t  of intravenous 
administrat ion of s trychnine t o  explain the nature of the 
in terac t ion between ves t ibu la r  nuclei a r e  invest igated i n  
d e t a i l .  It i s  concluded tha t  in terac t ion between contra- 
l a t e r a l  ves t ibu la r  nuclei i s  brought about by d i r e c t  com- 
missural connections. The a r t i c l e  contains three t a b l e s ,  
36 references and seven i 1 1 us t r a t  ions. 

In t h e  preceding paper [3], devoted t o  study of t h e  dual funct ion of  the  - /97 
ves t ibu la r  apparatus, we discovered rec ip roc i ty  i n  react ions  between neurons 
of t h e  v e s t i b u l a r  nucle i  of  the  medulla oblongata i n  the  c a t  t o  d i r e c t  current  
po la r i za t ion  of  the  i p s i -  and c o n t r a l a t e r a l  labyr in ths .  Stimulation o f  most 
ves t ibu la r  neurons of one s i d e  was accompanied by inh ib i t ion  of neurons of the  
opposite  s i d e .  Upon polar iza t ion of both labyrinths by current  i n  a s i n g l e  
d i rec t ion ,  r ec ip roc i ty  was disrupted -- neuron a c t i v i t y  of both t h e  l e f t  and 
r i g h t  s ides  was a l t e r e d  i n  the  same manner. On t h e  bas i s  of these  d a t a  we 
proposed a scheme explaining the  in te rac t ion  between ves t ibu la r  nucle i  by t h e  
presence of  neurons with inh ib i t ed  functions between them. In te rac t ion  
between v e s t i b u l a r  nucle i  of both s ides  may be brought about by both d i r e c t  
commissural bonds ex i s t ing  between them [IS, 211, as  well as  by e f fe ren t  
regula t ion a t  the  receptor l e v e l  [30, 311. 

The proposed paper s tud ies  i n  d e t a i l  a c t i v i t y  of ves t ibu la r  neurons 
and t h e  nature  of t h e i r  react ions  t o  st imulat ion of the  i p s i -  and contra-  
l a t e r a l  labyr in ths ,  and a l so  explains t h e  e f f e c t  of intravenous in t roduct ion 
of  s trychnine on t h e  nature of i n t e r a c t i o n  between ves t ibu la r  nuc le i .  

Met hod 

The experiments were run on 28 adu l t  decerebell ized c a t s  under nembutal 
anesthesia (60-100 mg/kg in t raper i tonea l ly ) .  The animals were add i t iona l ly  
curarized by Remiolan (3-5 mg/kg) and t r ans fe r red  t o  a r t i f i c i a l  r e s p i r a t i o n .  
Act iv i ty  of s i n g l e  neurons of the  v e s t i b u l a r  nuclei  was monitored by micro- 
electrodes of pyrex glass  having an end diameter of 0.5-2 11 and f i l l e d  with a 
2.7-molar so lu t ion  of  KC1 .  The i n d i f f e r e n t  e lec t rode  was at tached t o  t h e  skin  
of the  forehead.. Pulsat ion was prevented by flooding the  b ra in  with a dense 
solut ion o f  agar-agar. In  a number of cases,  a  small p lexiglass  disk with an 
aperture i n  t h e  center  (1  mm), through which passed t h e  end of t h e  



microelectrode, was lowered t o  t h e  b r a i n  and l i g h t l y  pressed. The heads of  
t h e  animals were r i g i d l y  f ixed i n  a  Delle s t e r e o t a c t i c  device.  The angle of  
i n c l i n a t i o n  of  t h e  o r a l  f i s s u r e  t o  the  hor izonta l  plane was -135" (according 
t o  Magnison). Ex t race l lu la r  peak neuron a c t i v i t y  was recorded a t  a constant  /98 - 
time of 0.5 msec on an "Amplior" cathode osc i l lograph.  I n t r a c e l l u l a r  
recording of neuron a c t i v i t y  was a l s o  ca r r i ed  out on two neurons. The 
loca t ion  o f  t h e  e lec t rode  end was determined a f t e r  f i x a t i o n  of  the  b ra in  i n  
formalin and f looding i n  p a r a f f i n  i n  t h e  sec t ions  s t a ined  according t o  t h e  
Niss le  method, with use o f  t h e  a t l a s  s f  v e s t i b u l a r  nuc le i  [13]. The v e s t i b -  
u l a r  apparatus was s t imula ted  by d i r e c t  current  [5] and c a l o r i c a l l y .  One 
labyr in th  (monaural s t imula t ion)  o r  two labyr in ths  were polar ized  by cur ren t  
of d i f f e r e n t  d i r e c t i o n  (binaural  s t imula t ion)  o r  by current  of a  s i n g l e  
d i r e c t i o n  (equal s t imula t ion) .  For c a l o r i c  s t imula t ion  both b u l l a e  osseae 
exposed previously were i r r i g a t e d  by 3  mR water of varying temperature (hot 
water o f  40-65" and cold water of 16-18") f o r  10 sec .  

Results 

The a c t i v i t y  of  98 neurons of t h e  r i g h t  and l e f t  v e s t i b u l a r  nuclear  
complexes o f  t h e  medulla oblongata t o  labyr in th  po la r i za t ion  by d i r e c t  cu r ren t  
(galvanic t e s t )  and 52 neurons t o  i r r i g a t i o n  o f  t h e  b u l l a e  osseae b y  water  o f  
varying temperature ( ca lo r i c  t e s t )  was s tudied .  

1. Monaural po la r i za t ion .  Several types of  neuron react ions  t o  polar -  
i z a t i o n  of t h e  i p s i -  and c o n t r a l a t e r a l  l abyr in ths ,  presented i n  Table 1, were 
discovered. 

A s  follows from t h e  t a b l e ,  most neurons (71) a r e  ac t iva ted  t o  po la r i za -  
t i o n  of t h e  i p s i l a t e r a l  labyr in th  by t h e  cathode and inh ib i t ed  by anodizat ion 
of  t h e  same labyr in th .  The a c t i v i t y  of  a  small number of neurons (14) could 
be suppressed by t h e  i p s i l a t e r a l  cathode and i n t e n s i f i e d  by t h e  i p s i l a t e r a l  
anode. Cathodization o f  t h e  c o n t r a l a t e r a l  labyr in th  inh ib i t ed  a c t i v i t y  o f  t h e  
suppressing p a r t  of  t h e  same neurons (66 of  71), which were ac t iva ted  by t h e  
i p s i l a t e r a l  cathode. The same neurons were ac t iva ted  by the  c o n t r a l a t e r a l  
anode. Th i r ty  neurons were ac t iva ted  by t h e  c o n t r a l a t e r a l  cathode and 
i n h i b i t e d  by t h e  c o n t r a l a t e r a l  anode. 

We can i s o l a t e  two neurons individual ly  which reacted  t o  t h e  i p s i l a e e r a l  
cathode by an i n i t i a l  b r i e f  ac t iva t ion ,  being a l t e r e d  by prolonged suppression 
of a c t i v i t y ,  and by b r i e f  i n i t i a l  suppression with subsequent prolonged 
a c t i v a t i o n  by anodizat ion of  t h e  same labyr in th .  

In t h e i r  e f f e c t ,  i p s i -  and c o n t r a l a t e r a l  po la r i za t ion  do not have t h e  
same physiological  inf luence  -- t h e  i p s i l a t e r a l  cathode usual ly  a c t i v a t e s  
neurons much more in tense ly  than does t h e  c o n t r a l a t e r a l  anode, and on t h e  /99 o t h e r  hand, a c t i v i t y  i s  more s t rongly  suppressed by the  c o n t r a l a t e r a l  cathode - 
than  by the  i p s i l a t e r a l  anode (Figure 1 ) .  



TABLE 1 .  DIFFERENT TYPES OF NEURON REACTIONS OF VESTIBULAR NUCLEI PO 
PObARIZAllON O F  THE IPS!- AND CONTRALATERAL LABYRINTHS BY DIRECT CURRENT 

OF DIFFERENT DIRECTION 

Contralateral' 

Note, + denotes neur0ngctivation;- denotes inhibition of activity; 
0 indicates absence of reactlon to polarization (also for Table 2). 

The c o n t r a l a t e r a l  e f f e c t  i s  r e t a i n e d  completely a f t e r  s e c t i o n  of  t h e  
i p s i l a t e r a l  VIII nerve.  Sec t ion  of  t h e  c o n t r a l a t e r a l  VIII nerve causes a  
r a t h e r  s i g n i f i c a n t  and prolonged inc rease  i n  t h e  a c t i v i t y  of t hose  neurons 
which a r e  i n h i b i t e d  by t h e  c o n t r a l a t e r a l  cathode (Figure 2 ) .  

I t  i s  t y p i c a l  t h a t  no r e l a t i o v s h i p  was discovered i n  neuron d i s t r i b u t i o n  
with d i f f e r e n t  types of  r e a c t i o n s  i n  d i f f e r e n t  v e s t i b u l a r  n u c l e i  o r  w i th in  t h e  1101 
l i m i t s  of a  s i n g l e  nucleus.  

Upon i n t r a c e l l u l a r  r e g i s t r a t i o n  of two neurons o f  t h e  I type  wi th  low 
spontaneous a c t i v i t y ,  s t i m u l a t i o n  o f  t h e  c o n t r a l a t e r a l  VIII nerve  by a  s i n g l e  
pu l se  of e l e c t r i c a l  cu r r en t  caused a  d i s t i n c t  i n h i b i t i n g  pos t synap t i c  
p o t e n t i a l  having a  l a t ency  pe r iod  of 3 .5-4 msec, an amplitude o f  20 mv and 
du ra t ion  up t o  30-40 msec (Figure 3 A ) .  

2. Binaural  p o l a r i z a t i o n .  Reaction of neurons o f  I type  t o  simultaneous 
p o l a r i z a t i o n  o f  both l aby r in ths  depends on t h e  d i r e c t i o n  of c u r r e n t  -- i f  t h e  
cathode is  appl ied  t o  t h e  i p s i l a t e r a l  l a b y r i n t h  and t h e  anode t o  t h e  cont ra -  
l a t e r a l  l a b y r i n t h ,  t h e  neuron i s  a c t i v a t e d  much more i n t e n s e l y  than  would b e  
t h e  case  dur ing  monaural s t imu la t ion ,  i . e .  i n  t h e  ca se  of an i p s i l a t e r a l  
cathode o r  c o n t r a l a t e r a l  anode (Figure 4 B). When t h e  d i r e c t i o n  of  cu r r en t  i s  
r eve r sed ,  i . e .  when t h e  anode i s  appl ied  t o  t h e  i p s i l a t e r a l  l a b y r i n t h  and t h e  
cathode t o  t h e  c o n t r a l a t e r a l  l aby r in th ,  suppression of  neuron a c t i v i t y  was 
g r e a t e r  t han  would be  t h e  case wi th  t h e  c u r r e n t  i n  t h e  same d i r e c t i o n ,  b u t  
with monaural s t imu la t ion .  Neurons of  t h e  I1 type  r e a c t e d  e x a c t l y  oppos i te  t o  
t h e  same s t imu la t ions  of t h e  l a b y r i n t h s .  Neuron a c t i v i t y  of  t h e  I11 type var -  
i e d  i d e n t i c a l l y  i n  both cases  of  b inaura l  s t imu la t ion .  



-1  . 
1 sec. a - 

-- . 
Figure 2 .  Effect of Sect ioning 

Figure 1 .  Neuron Reaction from'the the  Contralateral  V l  l l Nerve on 
R i g h t  Nucl. La te ra l i s  t o  Polariza-  
t i o n  of the  lpsi  l a t e r a l  Labyrinth by 
Cathode (A) and Anode (B) , and the 
Contralateral  Labyrinth by a  Cathode 
(c)  and Anode ( D ) .  lntensi t y  of the  
Polar iz ing  Current Is 0 .25 ma. The 
Arrows Denote the  Moment of 
Switching on t h e  Current. 

Spontaneous Neuron Act i vi t y  of 
t h e  F i r s t  Type from the  Nucl . 
In fe r io r .  Spontaneous Ac t iv i ty  
Vefore (A) and After  (B) Sec- 
t ioning of the  Contra la tera l  

3 .  Equal po la r i za t ion .  Upon simultaneous po la r i za t ion  of both laby- 
r i n t h s b y  current  of i d e n t i c a l  i n t e n s i t y  and a  s i n g l e  d i r e c t i o n  (cathode o r  
anode t o  both labyr in ths ,  a  d i f f e r e n t  pole t o  the  ind i f fe ren t  e l ec t rode) ,  
a c t i v i t y  of most neurons of  v e s t i b u l a r  nuc le i  o f  e i t h e r  s i d e  was suppressed i n  
t h e  same manner (Figure 4 C ) .  An exception were t h e  neurons of I11 type ,  t h e  
a c t i v i t y  of which increased upon simultaneous cathodizat ion and decreased upon 
simultaneous anodization of both labyr in ths .  



4 .  Effect  on switching on polar iz ing 
current ,  Reaction t o  switching on poxarizing 
current  i n  most neurons has a reverse char- 
a c t e r i s t i c ;  i f  t h e  i p s i l a t e r a l  cathode i s  
applied, switching o f f  the  current  a c t s  as a 
weak anode, s l i g h t l y  suppressing neuron 
a c t i v i t y  compared t o  spontaneous a c t i v i t y .  
~wit%hing off the  ips i l a t , e ra l  anode, which 
suppresses neuron a c t i v i t y ,  ac t iva tes  the  
neuron (Figure 5). The length of these  va r i -  
a t ions  t o  switching off t he  s t imulat ing current 
is d i f fe ren t .  Normal spontaneous a c t i v i t y  may 
re tu rn  within 3-20 sec  a f t e r  switching o f f  the  
current .  Some neurgns returned immediately t o  

Figure 3. lntracel  l u l a r  t h e i r  i n i t i a l  l eve l ,  without i n t ens i f i c a t i on  o r  
Registrat ion of Vestibular suppression of a c t i v i t y .  
Neuron Response of the 
Nucl. Medialis t o  Elec- 5. Caloric t e s t .  Several types of  neuron 
t r i c a l  Stimulation of the react ions ,  presented i n  Table 2, a l s o  appeared 
Contra1 a t e r a l  V l l l Nerve t o  ca lor iza t ion of the  i p s i -  and contra- 
(10 v, 0.15 msec). l a t e r a l  labyr inths ,  

A ,  lnhibi t ing  postsynaptic 
potenti a1 before admin- Three neurons (type XI) displayed a more 
i s t r a t i on  o f  strychnine;  complex pa t t e rn  of reac t ion  -- i n i t i a l  b r i e f  
0 ,  Inhibit ing postsynaptic ac t iva t ion  t o  ca lo r iza t ion  of the  i p s i l a t e r a l  
potential  within 7 min  labyr inth  by hot  water was a l t e red  by prolonged 
a f t e r  introduction of inh ib i t ion  of a c t i v i t y  and, on the  o ther  hand, 
strychnine n i t r a t e  b r i e f  inh ib i t ion  was a l t e r ed  by prolonged 
(0.3 mg/kg i n t ravenous 1 y) ; ac t iva t ion  t o  ca lo r iza t ion  o f  the  same labyr- 
cal i b ra t ion,  10 mv; i n th  by aold water (Figure 6 ) .  
20 msec 

I t  i s  obvious from the  data  o f  t he  t ab l e  
t h a t  i n  most cases ca lo r iza t ion  of t h e  contra- 

l a t e r a l  labyrinth by hot water causes inh ib i t ion  of neuron a c t i v i t y ,  it being 
maintained even a f t e r  sectioning of the  i p s i l a t e r a l  VIII nerve. 

6 .  Polarizat ion and calor iza t ion.  Two types of st imulation were applied - 1106 
on several  neurons, In some cases the re  was agreement of react ions  t o  polar-  
i z a t i on  and calor iza t ion of labyrinths.  Thus, a neuron react ing t o  polariza-  
t i o n  of t h e  labyrinths of type I could a l so  reac t  t o  ca lor iza t ion of laby- 
r i n th s  according t o  a s imi la r  type I .  

Ifi other  cases, disagreement could be observed i n  react ions  t o  these  
st imulations -- a neuron reac t ing  t o  polar iza t ion of labyrinths of  type I 
could r e s c t  t o  ca lo r iza t ion  of labyrinths of type 11, 111, e tc .  



1 sec. . 
Figure 4. Reaction of Two Neurons 
of the Right ( I )  and Left ( I  I ) '  Nucl. 
Lateral i s t o  Monaural (A), B i  naural 
( B )  and Equal (c) Polarizat ion of 
t h e  Labyrinths. A ,  Right labyrinth 
is polarized by the cathode; 
B ,  Cathode i s  applied t o  r ight  
labyrinth and the  anode t o  l e f t ;  
C ,  Cathode i s  applied to  both labyr- 
in ths .  lntens i t y  of polarizing 
current  is 0.3 ma. Arrows denote 
moment of switching on the current .  

1 sec. 

Figure 5. Neuron Reaction from 
Nucl. Superior t o  Switching Off 
Polarizing current .  A ,  Spontaneous 
a c t i v i t y ;  B ,  Activation t o  cathode 
polarizat ion of the i psi l a t e r a l  
labyrinth (0.35 ma) ; C ,  Suppression 
of a c t i v i t y  t o  switching off  the  
cathode 

Upon maximum suppression of neuron a c t i v i t y  due t o  applicat ion of t h e  
ca lo r i c  t e s t ,  cathode polar iza t ion o f  t he  i p s i l a t e r a l  labyrinth i s  ine f fec t ive  
during t he  f i r s t  seconds; it i s  no longer i n  a  s t a t e  t o  ac t iva te  the  neuron. 
However, 25-30 sec  a f t e r  appl ica t ion of t he  ca lo r i c  t e s t ,  the  i p s i l a t e r a l  
cathode does ac t i va t e  the  neuron, although spontaneous a c t i v i t y  i s  s t i l l  
absent. On the  other  hand, in tens i f i ca t ion  of neuron ac t i v i t y  caused by t he  



c a l o r i c  t e s t  could a t  f i r s t  be suppressed by the  i p s i l a t e r a l  anode; however, 
once maximum a c t i v i t y  was achieved, the  i p s i l a t e r a l  anode was no longer ab le  
t o  suppress such in tense  ac t iva t ion  of t h e  neuron (Figure 7). 

TABLE 2. D l  FFERENT TYPES OF NEURON REACTIONS O F  VEST1 BULAR NUCLEI  TO 
C A L O R l Z A T l O N  O F  THE I P S  I -  AND CONTRALATERAL LABYRINTHS BY WATER OF 

D l  FFERENT TEMPERATURE 

7. Pharmacological inves t igat ion.  After  intravenous in t roduct ion of 
0.2-1 mg/kg strychnine n i t r a t e ,  the  inh ib i t ing  e f f e c t  of  t h e  con t ra la te ra l  
labyrinth is completely re ta ined  (see Figure 3 B ) .  

Discussion 

We managed t o  d i s t ingu i sh  severa l  types of neurons reac t ing  d i f f e r e n t l y  
t o  po la r i za t ion  and ca lo r iza t ion  of the  i p s i -  and con t ra la te ra l  labyr in ths .  
It turned out t h a t  the  polar iza t ion of t h e  same labyr in th  by current  of a  
d i f f e r e n t  d i r e c t i o n  y ie lds  opposite e f f e c t s  of va r ia t ion  i n  neuron a c t i v i t y  
of ves t ibu la r  nucle i .  Upon ca lo r iza t ion ,  neurons were found which r e a c t  
i d e n t i c a l l y  t o  i r r i g a t i o n  of one labyrinth with water of  varying temperature 
(types V and VI). The reverse  pa t t e rn  is  a l so  observed i n  most cases upon 
separa te  po la r i za t ion  of t h e  i p s i -  and c o n t r a l a t e r a l  labyrinth by current  of a  
s i n g l e  d i rec t ion .  This r ec ip roc i ty  was i n t e n s i f i e d  upon binaura l  and absent 
upon equal s t imula t ion of t h e  labyr in ths .  Only i n  f i v e  neurons (type 111) was 
rec ip roc i ty  absent 7-  cathode polar iza t ion of t h e  i p s i -  o r  c o n t r a l a t e r a l  
labyrinth increased, and anode po la r i za t ion  suppressed a c t i v i t y  of  these  
neurons. Upon ca lo r iza t ion ,  a  g rea te r  number of neurons was revealed which 
reacted i d e n t i c a l l y  t o  i r r i g a t i o n  of the  labyr in ths  with water of i d e n t i c a l  



temperature.  A t o t a l  of 11 neurons of 98 reac ted  only t o  c o n t r a l a t e r a l  
p o l a r i z a t i o n ,  two neurons of 52  r eac t ed  t o  c o n t r a l a t e r a l  c a l o r i z a t i o n ,  and one 
neuron r eac t ed  only t o  i p s i l a t e r a l  c a l o r i z a t i o n  by h o t  water .  The over-  / l o7  
whelming ma jo r i t y  of neurons r eac t ed  t o  s t imu la t ion  of both l a b y r i n t h s .  

A B 

Figure 6 .  Two Neurons (A and B) of  t h e  Nucl. 
Media l i s ,  Reacting t o  Calor iza t ion  of t he  
Labyrinth According t o  Type X I .  A ,  I nh ib i t i on  
of  neuron a c t i v i  t y  a f t e r  b r i e f  a c t i v a t i o n  t o  
ips i  l a t e r a l  c a l o r i z a t i o n  by hot water ;  
B ,  Neuron a c t i v a t i o n  a f t e r  'b r ie f  suppression of 
a c t i v i t y  t o  i p s i  l a t e r a l  c a l o r i z a t i o n  by hot 
water .  The arrows denote the  moment of t h e  
beginning o f  c a l o r i z a t i o n .  



Figure 7. The Competing Effect 
of Caloric and Galvanic Stim- 
ulations on Neuron Activity of 
the Fi rs t Type of the Nucl . 
Inferior. Reaction to i rriga- 
tion of the ipsilateral round 
fenest ra wi th hot (A) and 
cold (B) water; reaction to 
irrigation of the contralateral 
round fenes tra wi th hot (c) and 
cold (D) water. The large 
vertical arrows denote the 
beginning of calorization. The 
small arrows denote switching 
on and sw i tch i ng off anode (A) 
and cathode (B) polarization of 
the i psi lateral labyrinth. 
Current intensity is 0.3 ma. 

sec 
J 



Reciprocal  r e l a t i o n s h i p s  between v e s t i b u l a r  n u c l e i  upon adequate  
s t i m u l a t i o n  of  t h e  v e s t i b u l a r  apparatus  were shown i n  c a t s  [%I ,  262, r a b b i t s  
1199 and f i s h  [33J .  Thus, an i n t e n s i f i c a t i o n  of a c t i v i t y  dur ing  r o t a t i o n  i n  
t h e  d i r e c t i o n  of  lead-off  and i n h i b i t i o n  during r o t a t i o n  i n  the oppos i te  
d i r e c t i o n  were noted i n  a l l  neurons recorded by Eckel 1201 i n  r a b b i t s .  Most 
neurons o f  t h e  v e s t i b u l a r  n u c l e i  i n  f i s h  r eac t ed  i n  t h e  same manner t o  
i n c l i n a t i o n s  i n  d i f f e r e n t  d i r e c t i o n s .  A small  number of neurons r eac t ed  
i d e n t i c a l l y  wi th  a c t i v a t i o n  o r  i n h i b i t i o n  t o  t h e  same s t i m u l i  [333. Whether 
t h i s  r e c i p r o c i t y  was caused only by pu re ly  pe r iphe ra l  phenomena ( inc rease  o f  
p u l s a t i o n  from one l aby r in th  and suppress ion  from another)  o r  by c e n t r a l  
phenomena could not  be  reso lved  upon a p p l i c a t i o n  of adequate s t i m u l a t i o n  
a f f e c t i n g  both  l aby r in ths  s imultaneously.  Pu l sa t ion  from one l a b y r i n t h  may 
a f f e c t  t h e  neurons o f  t h e  v e s t i b u l a r  n u c l e i  of t h e  oppos i te  s i d e .  The 
p o s s i b i l i t y  of such a c ros s  e f f e c t  i s  shown by morphological papers  [ l 4 ,  15 ,  
2 1 ,  291. B ,  N.  Klosovskiy [7] ass igns  t h e s e  c ros s  l i n k s  an important  r o l e  i n  
r e a l i z a t i o n  of  mutual i n h i b i t i o n  of v e s t i b u l a r  n u c l e i  of  both s i d e s  during 
v e s t i b u l a r  nystagmus, and c a l l s  them i n h i b i t i n g  elements.  S .  N .  Khechinash- 
v i l i  [9,  101 a t t r i b u t e s  important s i g n i f i c a n c e  t o  them i n  r e c i p r o c a l  v a r i -  
a t i o n s  of t h e  e l e c t r i c a l  a c t i v i t y  of v e s t i b u l a r  nuc le i  o f  both s i d e s  begin  
upon p o l a r i z a t i o n  o f  one l aby r in th  by d i r e c t  cu r r en t ,  assuming i n  t hese  
r e c i p r o c a l  v a r i a t i o n s  V. M. Bekhterev ts  concept of t h e  reason f o r  t h e  dua l  
f u n c t i o n  o f  t h e  v e s t i b u l a r  apparatus  [ I ] .  I t  i s  t r u e  t h a t  a number of au thors  
[23- 261 were unable t o  determine t h e i r  func t iona l  s i g n i f i c a n c e ,  

De Vito and col leagues [34] s t u d i e d  t h e  neuron r eac t ions  o f  v e s t i b u l a r  
n u c l e i  i n  c a t s  t o  s e p a r a t e  p o l a r i z a t i o n  of t h e  i p s i -  and c o n t r a l a t e r a l  
l a b y r i n t h s .  The i p s i l a t e r a l  cathode and c o n t r a l a t e r a l  anode rendered t h e  
a c t i v a t i n g  e f f e c t ,  and t h e  i p s i l a t e r a l  anode and c o n t r a l a t e r a l  cathode 
rendered t h e  i n h i b i t i n g  e f f e c t  on a c t i v i t y  of v e s t i b u l a r  neurons. 

This problem was r e c e n t l y  s tud ied  i n  g r e a t e r  d e t a i l  by Weber and S t e i n e r  
[35] i n  anes the t i zed  c a t s .  Ca lo r i za t ion  and p o l a r i z a t i o n  o f  t h e  l aby r in ths  
revea led  s e v e r a l  types  of  r e a c t i o n s  b a s i c a l l y  s i m i l a r  t o  ou r s .  I n  d i s t i n c t i o n  
from us ,  they  a l s o  found neurons which r eac t ed  i d e n t i c a l l y  (by a c t i v a t i o n  o r  
i n h i b i t i o n )  t o  s t i m u l a t i o n  of both l aby r in ths  by water  of d i f f e r e n t  temper- 
a t u r e .  Also l i k e  u s ,  they  d id  not  f i n d  any c o r r e l a t i o n  between t h e  d i f f e r e n t  
types  o f  r e a c t i o n s  and l o c a l i z a t i o n  o f  neurons. 

The s i m i l a r i t y  of our  d a t a  with t h e  r e s u l t s  o f  t h e  authors  c i t e d  above 
permi ts  u s  t o  conclude t h a t  almost every neuron of t h e  v e s t i b u l a r  n u c l e i  i s  / l o 8  
under t h e  in f luence  of  both t h e  r i g h t  and l e f t  l a b y r i n t h s ,  Unfor tuna te ly ,  
t h e  ques t ion  of t h e  func t iona l  organiza t ion  of  t h e  v e s t i b u l a r  n u c l e i  s t i l l  
remains open. In  o r d e r  t o  expla in  t h e  r e c i p r o c a l  r e a c t i o n s ,  we assumed [3] 
t h a t  t h e  cornmissural f i b e r s  e x i s t i n g  between t h e  v e s t i b u l a r  n u c l e i  of bo th  
s i d e s  a r e  l inked  wi th  i n h i b i t i n g  neurons. I t  i s  p o s s i b l e  t h a t  such elements 
a r e  neurons which a r e  a c t i v a t e d  by t h e  c o n t r a l a t e r a l  cathode o r  by cont ra -  
l a t e r a l  c a l o r i z a t i o n  by hot  water ,  and i n h i b i t e d  by t h e  c o n t r a l a t e r a l  anode 
and by c o n t r a l a t e r a l  c a l o r i z a t i o n  by co ld  water ;  s t imu la t ion  of  t h e  
i p s i l a t e r a l  l a b y r i n t h  had no e f f e c t  on t h e i r  a c t i v i t y ,  



I n h i b i t i o n  of neuron a c t i v i t y  i n  v e s t i b u l a r  nuc le i  i s  by i t s  very na tu re  
postsynaptic .  I n t s a c e l ~ u l a r  recording i n  two neurons showed development of 
c l e a r l y  expressed i n h i b i t i n g  pos tsynapt ic  p o t e n t i a l  (IPSP) t o  e l e c t r i c a l  
s t imula t ion  o f  t h e  c o n t r a l a t e r a l  VIII nerve. 

I t  was shown t h a t  r e a c t i o n  t o  switching o f f  t h e  po la r i z ing  cu r ren t  has  a  
d i f f e r e n t  cha rac te r  -- f o r  example, i f  t h e  neuron i s  ac t iva ted  by t h e  i p s i -  
l a t e r a l  cathode, when t h e  current  i s  switched o f f  neuron a c t i v i t y  may f a l l  
below i n i t i a l  spontaneous a c t i v i t y  and r e t u r n  t o  it 3-20 sec  a f t e r  t h e  cu r ren t  
i s  switched o f f .  Apparently, t o  t h i s  f a c t  i s  r e l a t e d  t h e  f a c t  t h a t  genera l -  
i zed  a c t i v a t i o n  of  t h e  EEG caused by labyr in th  p o l a r i z a t i o n  continues a f t e r  
cessa t ion  of s t imula t ion  by approximately t h e  same amount of  time [6] . The 
f a c t  t h a t  c a l o r i c  and galvanic s t imula t ion  of  t h e  l abyr in ths  o f t e n  genera tes  
d i f f e r e n t  r eac t ions  which do not  coincide i n  t h e  same neurons, should 
i n d i c a t e  t h a t  d i f f e r e n t  v e s t i b u l a r  receptors  o r  even d i f f e r e n t  nerve form- 
a t ions  may b e  ac t iva ted  by these  s t imula t ions .  These types of  s t imula t ion  
have a g r e a t  advantage over adequate s t imula t ion ,  s ince  they permit ind iv idua l  
s t imula t ion  of each l abyr in th ,  but  they a l s o  have g r e a t  disadvantages. Thus, 
c a l o r i z a t i o n  may cause general ized a c t i v a t i o n  o f  t h e  EEG i n  ind iv idua l s  having 
unexci table  l abyr in ths ,  s ince  i n  t h i s  case t h e  temperature and mechanical 
r ecep to r s  of t h e  s k i n  a r e  s t imulated [2]; as a  temperature s t imulus,  it may 
a l s o  cause prolonged v a r i a t i o n  i n  t h e  e x c i t a b i l i t y  of  v e s t i b u l a r  r ecep to r s  
[23]. The ques t ion  on t h e  na ture  of t h e  e f f e c t  of d i r e c t  cu r ren t  i s  
debatable.  Galvanovestibular r e f l e x e s  may a l s o  develop a f t e r  labyrinthectomy 
[ lo ] .  In a l l  p r o b a b i l i t y ,  t h e  dec i s ive  f a c t o r  i s  t h e  i n t e n s i t y  of t h e  s t i m -  
u l a t i n g  cu r ren t .  We showed t h a t  a f t e r  chemical shut  -of f  of t h e  l abyr in th ,  
po la r i za t ion  no longer a c t i v a t e s  t h e  EEG, but  with l a r g e  current  i n t e n s i t i e s  
t h e  EEG p a t t e r n  may vary and p e r s i s t  even a f t e r  i n t r a c r a n i a l  sec t ioning  of t h e  
VIII nerve 141. The competition which we discovered between c a l o r i c  and 
galvanic s t imula t ion  of  t h e  l abyr in th  permits  us t o  assume t h a t  a t  compar- / 109 
a t i v e l y  low i n t e n s i t i e s ,  d i r e c t  cu r ren t  may a l t e r  t h e  v e s t i b u l a r  a f f e ren ta -  
t i o n ,  having a d i r e c t  e f f e c t  on t h e  genera tor  p o t e n t i a l  o f  t h e  receptors .  

I t  was no accident  t h a t  we used s t rychnine  t o  c l a r i f y  t h e  na tu re  of 
c o n t r a l a t e r a l  i n h i b i t i o n  of  t h e  neurons of  v e s t i b u l a r  n u c l e i .  I t  i s  known 
t h a t  s t rychnine  prevents  development of IPSP i n  motor neurons of t h e  s p i n a l  
cord and is thus an a r r e s t e r  of i n h i b i t i n g  synapses [19]. Strychnine prevents  
t h e  i n h i b i t i n g  e f f e c t  o f  s t imula t ing  crossed  and noncrossed ol igo-cochlear  
e f f e r e n t  f i b e r s  on t h e  nerve component of  t h e  microphone e f f e c t  o f  t h e  cochlea 
[17, 18, 221 and blocks an increase  i n  d i r e c t  p o t e n t i a l  ( d i r e c t  current  
r e s t i n g  p o t e n t i a l )  of t h e  l abyr in th  t o  s t imula t ion  of  t h e  e f f e r e n t  t r a c t  o f  
t h e  v e s t i b u l a r  nerve [31]. But it does not  block i n h i b i t i o n  of  m i t r a l  c e l l s  
of t h e  plexiform l a y e r  of  t h e  bulbus o l f a c t o r i u s  t o  s t imula t ion  of t h e  l a t e r a l  
o l f a c t o r y  t r a c t  i n  t h e  a n t e r i o r  commissura [27], of Purk in je ' s  c e l l s  of  t h e  
cerebellum [12, 161, of  t h e  pyramidal c e l l s  o f  t h e  hippocampus and c e l l s  of  
t h e  ventrobasal  complex o f  t h e  thalamus [12], and of Betz ' s  c e l l s  of t h e  
cor tex  [16]. 



We showed t h a t  s t rychnine  does not  el iminate c o n t r a l a t e r a l  i n h i b i t i o n  of 
v e s t i b u l a r  neurons. Consequently, chemism of i n h i b i t i n g  synapses which 
br ing  about a given type of  i n h i b i t i o n  i n  v e s t i b u l a r  nuc le i  should d i f f e r  from 
t h a t  i n  those  formations where t h e  blocking e f f e c t  of s t rychnine  on 
i n h i b i t i o n  of the  synapse has been proved experimentally. 

I n t e r a c t i o n  between v e s t i b u l a r  nuc le i  may a l s o  be brought about by means 
of e f f e r e n t  f i b e r s  making up t h e  v e s t i b u l a r  nerve and l inked t o  t h e  pre-  and 
pos tsynapt ic  s t r u c t u r e s  of  t h e  r ecep to r s  [36]. I t  has been shown t h a t  
a c t i v a t i o n  of t h i s  t r a c t  may a l t e r  a f f e r e n t  pu l sa t ion  from t h e  v e s t i b u l a r  
receptors  of  t h e  opposi te  l abyr in th  [28, 30, 311. 

Efferent  r egu la t ion  of  r ecep to r  a f f e r e n t a t i o n  i s  apparently brought about 
through t h e  mul t i synapt ic  t r a c t ,  s ince  it appears with a  high la tency period 
[30, 311 and i s  suppressed by small doses of nembutal [32]. I t  i s  a l s o  
el iminated by in t ravenal  i 'ntroduction of subconvulsive doses o f  s t rychnine  
[311. 

The i n t e r a c t i o n  between v e s t i b u l a r  nuc le i  of both s ides  descr ibed  i n  our 
experiments was i n  a l l  p r o b a b i l i t y  brought about by d i r e c t  commissural 
connections e x i s t i n g  between them, s ince  i t  1) was a l s o  observed a f t e r  
sec t ion ing  of t h e  i p s i l a t e r a l  VIII nerve, 2) i t  was r e t a ined  under deep 
nembutal anes thes ia  (60-100 mg/kg i n t r a p e r i t o n e a l l y )  and 3) it was no t  
el iminated by intravenous in t roduc t ion  of s i g n i f i c a n t  doses of s t rychnine .  
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EXPERIMENTAL INVESPIGATIOM ON M O D E L I N G  DIFFERENT TYPES 
OF N E U R O N S  

V .  I .  Kiy, G .  F ,  Kolesnikov, I .  P .  Semenyutin, 
A. N,  Razumeyev and V.  Yu. Davi denko 

ABSTRACT. A mathematical model of a  system, i s  proposed a s  
an example of the  e l e c t r i c a l  a c t i v i t y  of v e s t i b u l a r  neurons, 
The model makes i t  poss ib l e  t o  overcome many methodological 
d i f f i c u l t i e s  of e l ec t rophys io log ica l  experiments ,  and t o  
model condi t ions  of the  experiment and t o  introduce them a s  
a  d i s rup t ing  e f f e c t .  

Analy t ic  i n v e s t i g a t i o n  of t h e  v e s t i b u l a r  apparatus  under condi t ions  o f  /I11 
high G-loads and weight lessness  is  f raught  with extreme methodological 
d i f f i c u l t i e s .  Development o f  o b j e c t i v e  methods o f  q u a n t i t a t i v e  a n a l y s i s  of  
func t iona l  v a r i a t i o n s  i n  t h e  neurons of  t h e  v e s t i b u l a r  apparatus  i s  a l s o  i n  
i t s e l f  a  complex problem. This paper proposes t o  expand t h e  method o f  
modeling var ious  types o f  neurons developed by us  t o  a n a l y s i s  of  t h e  
e l e c t r i c a l  a c t i v i t y  of v e s t i b u l a r  neurons. 

The b a s i s  of  our  method i s  i n v e s t i g a t i o n  of  t h e  non l inea r  c h a r a c t e r i s t i c s  
of s t imu la t ed  membranes. This  s tudy  showed t h a t  t h e  func t iona l  arrangement 
shown i n  Figure 1 s u c c e s s f u l l y  reproduces a l l  b a s i c  e l ec t rophys io log ica l  
c h a r a c t e r i s t i c s  o f  var ious  types  o f  neuron a c t i v i t y .  These c h a r a c t e r i s t i c s  
may be  descr ibed  by a  nonl inear  d i f f e r e n t i a l  equat ion which may be presented  
i n  ope ra to r  form as  t h e  fo l lowing:  

where Kcl i s  t h e  ampl i f i ca t ion  f a c t o r  o f  t h e  l i n k  i m i t a t i n g  t h e  c e l l  body; 

T is  t h e  time cons tan t  of  t h i s  l i n k ;  Kil i s  t h e  ampl i f ica t ion  f a c t o r  o f  t h e  

l i n k  i m i t a t i n g  t h e  pas s ive  elements o f  t h e  base of  t h e  axon monticulus;  Til i s  

i t s  t ime cons tan t ;  Kdl  i s  t h e  ampl i f i ca t ion  f a c t o r  i n  t h e  d i f f e r e n t i a t i n g  l i n k  

of t h e  r egene ra t ive  c i r c u i t ;  Tdl i s  i t s  time cons t an t ;  and Fout is  t h e  

n o n l i n e a r i t y  of t h e  r egene ra t ive  process .  



Analysis of t h e  processes taking place i n  a  system, c a r r i e d  out by t h e  
method of harmonic l i n e a r i z a t i o n ,  makes it Poss ib le  t o  ob ta in  b a s i c  r e l a t i o n -  
s h i p s ,  which determine v a r i a t i o n s  i n  frequency and amplitude of  o s c i l l a t i o n s  
upon v a r i a t i o n  o f  t h e  parameters of t h e  system and of ex te rna l  e f f e c t s ,  i n  t h e  
form: 

In  equation (S), P i s  t h e  l inea r i zed  t r a n s f e r  c o e f f i c i e n t  of t h e  
0 

nonlinear  l i nk  fo.r a  constant  component. 

I t  i s  obvious from these  r e l a t i o n s h i p s  t h a t  t h e r e  a r e  t h r e e  represent -  
a t i v e  areas  of t h e  dependence of  o s c i l l a t i o n  amplitude on the  l e v e l  of t h e  / I13  - 
input  s i g n a l .  

Upon u n r e s t r i c t e d  inc rease  i n  t h e  amplitude of  t h e  input s igna l  of  
nonl inear  l i n k  A1, i ts  standardized equivalent  complex ampl i f ica t ion  f a c t o r  



approaches zero, which is equivalent to suppression of the regenerative 
addition in neuron response. In practice when the input signal is too high, 

A 1 

% 1, neuron response becomes gradual; moreover, pulse oscillations b - x:: 
which are established and supported in the system when the critical level of 
depolarization is exceeded are suppressed. This phenomenon has assumed the 
title of cathode depression in physiological literature. 

When input signals are low, A1 = 1, i.e. at subthreshold levels of b - XE 
depolarization, regenerative processes in the system are also impossible. 
They develop abruptly when the amplitude of the input signal slightly exceeds 
response threshold. Moreover, the amplitude of oscillations remains practi- 
cally unchanged, and their frequency, as can be seen from the relations 
increases as the level of depolarization increases if the constant component 
of oscillations caused by asymmetry of nonlinearity of the regenerative 
process does not exceed the level corresponding to disruption of oscillations 
in the system and to the onset of cathode depression. 

Figure 1. Block Diagram for Solving a Problem on 
the MN-7 Machine. The devices connected between 
points 7 and amplifier output 10 model passive 
transmission of electrical signals along the cell 
body (between points 7 and 30) and the base of the 
base of the axon monticulus (the remainder). The 
feedback circuit (between points 25 and amplifier 
output 13) models the nonlinear regenerative 
process of stimulation. 

The threshold of neuron response is determined by the value of the 
threshold of rest and the constant component of disrupted oscillations xe 



and i s  equal  t o  (c  - xe), I n  a  s t a t e  of r e s t  xg = 0;  xe i s  t h e  s o l u t i o n  of 
one of t h e  equat ions (5) presented.  XI i s  a t ime func t ion .  So lu t ion  of t h i s  
equat ion i s  determined by t h e  pa-razeters o f  t h e  stimulated membrane. 

Under t h e  de f ined  r e l a t i o n s h i p s ,  t h e  n o n l i n e a r i t y  asymmetry of t h e  
membrane c h a r a c t e r i s t i c s  leads  t o  s l i g h t  overcont ro ls  o f  xe . Because of  t h i s ,  
t h e  frequency of  neuron responses,  as  can be  seen from t h e  express ion  pre-  
sen ted ,  w i l l  i n c r e a s c  a t  t h e  i n i t i a l  moment of swi tch ing  on t h e  volts-ge drop,  
and w i l l  then  slowly decrease .  Depending on t h e  l e v e l  o f  input  s i g n a l s  i n  t h e  
neurons, we can follow t h e  e n t i r e  range of  responses from on t o  on-off and 
adapt a t  i on. 

When t h e  hyperpolar iz ing  e f f e c t s  a r e  switched o f f ,  neuron responses a r e  / l l 4  
poss ib l e  only i n  t hose  cases  when xe > b .  This is  explained by t h e  compar- 
a t i v e  ease  of  e l l i c i t i n g  anode-breaker responses i n  t h e  in te rmedia te  neurons, 
i n  which r e s t  t h re sho ld  b  i s  r e l a t i v e l y  low, and a l s o  i n  s e v e r a l  depolar ized  
motor neurons. A t  %ow values  of  b ,  switching o f f  t h e  hyperpolar iz ing  e f f e c t  
on t h e  neuron may be  accompanied by a  s e r i e s  o f  d i scharges .  The r e l a t i o n s h i p s  
given above make i t  p o s s i b l e  t o  predetermine t h e  n a t u r e  of  responses which 
depend on a  c r e a t i o n  of depolar iz ing  and hyperpolar iz ing  e f f e c t s  on t h e  
neuron, and make it p o s s i b l e  t o  determine them q u a n t i t a t i v e l y  by experiment.  
The t h e o r e t i c a l  r e l a t i o n s h i p s  presented  he re  a r e  wel l  i l l u s t r a t e d  by 
experimental da t a .  

This  paper  cons iders  neuron r eac t ions  t o  d i r e c t  s t imu la t ion .  The 
s i n g u l a r  except ion i s  t h e  example of t h e  i n d i r e c t  o r  synap t i c  e f f e c t  shown i n  
Figure 2 ,  

Figure 2. Neuron Response t o  Orthodrome S t imu la t ion ,  
Summat ion of Postsynagt i c Stimu l a t  i ng P o t e n t i a l s  , and 
Gene.ration of Action P o t e n t i a l s  

In t h i s  case  t h e  pos tsynapt ic  s t imu la t ing  p o t e n t i a l  (PSSP) and i t s  
temporary summation a r e  imi t a t ed ,  I t  i s  obvious i n  osci l logram 1 t h a t  two 
s t i m u l i  e l i c i t i n g  i d e n t i c a l  PSSP s e p a r a t e l y ,  s u f f i c i e n t l y  separated i n  t ime,  



do not  cause t h e  r egene ra t ive  process .  The same two s t i m u l i ,  c l o s e r  i n  t ime,  
a r e  summarized; t o t a l  PSSP reacNes a'$kkkkhbld, and t h e  r egene ra t ive  p roces s ,  
t h e  expres$ien of which i s  t h e  appearance of  a s i n g l e  peak, develops immedi- 
a t e l y  behidd t h e  grsdual  r e a c t i o n .  It i s  f u r t h e r  shown i n  osci l lograms 2 and 
3 how ind i4 idua l  PSSP a r e  smmarized as  func t ion  o f  t h e  r e l a t i o n s h i p  of 
s"cimula"cons i n  time and t h e  du ra t ion  of  t h e i r  e f f e c t .  Moreover, it is 
impl ied  t h a t  t h e  du ra t ion  of s t imu la t ion  does not exceed t h e  t ime of PSSP. I t  
i s  obvious frcm t h e  osci l lograms t h a t  an inc rease  i n  t h e  frequency of / I15 
s t i m u l a t i o n s  r e s u l t s  i n  an inc rease  i n  frequency o f  d i scharges ,  t o  a  c e r t a i n  
decrease  i n  subsequent peaks and t o  an inc rease  i n  t h e  l e v e l  of depolar iza-  
t i o n ,  from which begins t h e  second, ad jacent  peak ( t h e  l a s t  peak i n  
osc i l logram 2 ,  and t h e  second and f i f t h  i n  osci l logram 3 ) .  

The th re sho ld  p r o p e r t i e s  of t h e  neuron a r e  i l l u s t r a t e d  by responses t o  
d i r e c t  s t imu la t ion  (Figure 3 ) .  Oscillogram 1 shows subthreshold  response t o  
r e c t a n g u l a r  s t imulus  with a  s l o p i n g  p o s t e r i o r  f r o n t .  In  t h i s  case  t h e  
r e a c t i o n  i s  of a  gradual  n a t u r e  and i s  not accompanied by t h e  r egene ra t ive  
process ;  t h e  descending p o r t i o n  of t h e  response corresponds t o  t h e  f a l l i n g  
p o r t i o n  s f  t h e  input  s i g n a l ,  

Fur ther  (osci l logram 2 ) ,  a s  t h e  input  s i g n a l  i n c r e a s e s ,  t h e  gradual  
response inc reases ,  and f i v e  peaks appear with a  l a r g e  de lay ,  i . e .  t h e  
r egene ra t ive  process  develops,  a s  i s  t h e  case  i n  l i v i n g  neurons. Typical  h e r e  
is t h e  f a c t ,  a s  i n  r e a l  in te rmedia te  neurons, t h a t  t r a n s i t i o n  from gradual  t o  
r egene ra t ive  r e a c t i o n  i s  abrupt ,  i . e .  i n s t e a d  of  a  s i n g l e  peak t h e  number of 
peaks inc reases  t o  e igh t  and n ine  (osci l lograms 3 and 4, r e spec t ive ly )  upon a  
s l i g h t  i nc rease  i n  s t imu la t ion .  A s  s t imu la t ion  i n c r e a s e s ,  t h e  la tency  pe r iod  
of d i scharges  decreases ,  and t h e i r  frequency i n  t h e  r e c t i l i n e a r  s e c t i o n  of t h e  
s t i m u l a t i o n  remains almost unchanged. Only i n  t h e  descending s e c t i o n  does t h e  
frequency decrease somewhat (osci l lograms 4 and 5) due t o  t h e  preva len t  s l i g h t  
i n c r e a s e  i n  frequency o f  d i scharges .  And f u r t h e r  ( o s c i l  logram 6) , t h e  
frequency of discharges becomes even more i r r e g u l a r ,  and a t  t h e  same t ime 
t h e i r  amplitude v a r i e s  sha rp ly ,  which i n d i c a t e s  t h e  beginning of  t h e  develop- 
ment of  cathode depress ion .  The phenomenon of cathode depression progresses  
through a  s t a g e  of discharges (osci l logram 8) d i f f e r e n t  i n  amplitude, b u t  / I16  
r e l a t i v e l y  cons tan t  i n  rhythm t o  t o t a l  ce s sa t ion  of t h e i r  genera t ion  i n  t h e  
middle p a r t  o f  s t imu la t ion  (osci l lograms 9 and 10) .  However, t h e r e  a r e  
d ischarges  a t  t h e  beginning and end of s t imu la t ion ,  which i n d i c a t e s  i n  t h e  
f i r s t  case  t h e  s t a g e  be fo re  development, and i n  t h e  second t h e  s t a g e  a f t e r  
development of cathode depress ion  i n  t h e  s e c t i o n  o f  decrease  i n  input  s i g n a l .  

Even i n  t h i s  s e r i e s  o f  osci l lograms t h e r e  appears an i n t e r e s t i n g  proper ty  
o f  t h e  discharges -- frequency and amplitude vary even i n  t h e  r e c t i l i n e a r  
s e c t i o n  o f  s t imu la t ion ;  s epa ra t e  s e r i e s ,  separa ted  by comparatively l a r g e  
i n t e r v a l s ,  appear i n  t h e  o v e r a l l  response;  a f t e r  t h e s e  s e r i e s ,  t h e  f i r s t  peaks 
u s u a l l y  have a  high amplitude. I t  i s  a l s o  important t h a t  i n  t h e  o v e r a l l  
response t h e  i n i t i a l  l e v e l  of peaks i s  d i f f e r e n t  --  l a r g e  peaks a r e  generated 
a t  a  low l e v e l  of depo la r i za t ion ,  and small peaks a t  a  high l e v e l .  This  
unique t ransformat ion  of i n i t i a l  rhythm, and a l s o  peak amplitudes and t h e  



l eve l  of  t p e i r  generat ion obtained upon the  
diSl"a~t t$$$b'clt,l may ind ica te  an important char- 
a c t e r i s t i c  of e lec t rogenic  p roper t i e s  o f  the 
neuron model -- but determination of  thesk 
response$ by ?%.he1 Ynternal p roper t i e s  of the  
system i t s e l f .  

When a bold analogy with a l i v i n g  neuron i s  
made, i n  our opinion many of the  r eac t ions  of 
cen t ra l  neurons may be explained, without 
r e so r t ing  t o  complex reservat ions  and references  
on the  nature  of synapt ic  connections, t h e i r  
funct ional  s ign i f i cance ,  e t  c .  Everything may be  
reduced first of a l l  t o  t h e  proper t ies  o f  the  
surface  membrane of  neurons, and then t o  i t s  
in te r re la t ionsh ips  with various e f f e c t s ,  and t o  
the  combination o f  these  e f f e c t s  on t h e  membrane. 
With such an approach we should again s t r i c t l y  
analyze t h e  quest ion of t h e  r e l a t i o n s h i p  of r a p i d  
and slow e l e c t r i c a l  reac t ions  i n  c e n t r a l  neurons. 

The dependence of response frequency on t h e  
nature  of s t imula t ion  i s  b e s t  o f  a l l  followed 
during rhythmic s t imula t ion .  In t h i s  case ,  
depending on the  frequency and amplitude of t h e  
input e f f e c t ,  we can already see  t h e  noted char- 
a c t e r i s t i c s  of discharges. 

Figure 4 shows responses t o  s inusoids  o f  
d i f f e r e n t  frequency. 

Figure 3 .  Neuron 
Response t o  Di r ec t  St i m- The length of  a s e r i e s  of impulses generated 
u la t  ion by Rectangular by t h e  analog of the  neuron i n  the  range of  low 
Stimulus w i t h  a Sloping frequencies i s  propor t ional  t o  t h e  length it 
Pos te r io r  Front and Var- exceeds threshold l eve l  (oscillogram 11) .  In t h e  
ious Stages o f  Cathode range of medium frequencies,  the  neuron response 
Depress i on with a s i n g l e  ac t ion  po ten t i a l  (oscillogram 2) t o  

each p o s i t i v e  half-wave of the  s inusoid .  
Upon f u r t h e r  increasing t h e  frequency of the  

input s i g n a l ,  t ransformation of  the  rhythm-begins, caused by commensuration of 
t h e  period of ex te rna l  o s c i l l a t i o n s  with t h a t  of  neuron r e f r a c t i v i t y .  
Moreover, only individual  peaks i n  a s e r i e s  of  responses may drop a t  f i r s t .  
Then, upon d e f i n i t e  r e l a t ionsh ips  of amplitude and frequency o f  input  s t i m u l i ,  
t h i s  transformation progresses more and more, the  responses c o n s i s t  of  two o r  - 1117 
t h r e e  peaks separated by a period of " ~ i l e n c e , ~ '  then each t h i r d  response 
diminishes ( the  o s c i l  logram) and, f i n a l l y ,  each second response diminishes 
(oscillogram 4 ) .  An increase  i n  amplitude of  t h e  input s igna l  may r e s t o r e  
neuron responses of type I : I ,  a s  was the  case i n  experiments on r e a l  neurons, 
where a l l  t h e s e  t r a n s i t i o n s  a r e  more d i f f i c u l t  t o  observe. 



Results  were obtained on the  model, which a r e  
observed i n  in termedia te  neurons a t  d i f f e r e n t  amplitudes 
and time r e l a t i o n s h i p s  of  depolar iz ing  and hyperpolar iz ing  
s igna l s  en te r ing  t h e  neuron through t h e  microelectrode 
implanted i n  it. 

----, 

These r e s u l t s  a r e  very important t o  understand such 
e lec t rophysio logica l  phenomena-as cathode depression,  
anode-breaker response, t h e  appearance o f  gradual  reac-  
t i o n s  a f t e r  t h e  peak, double peaks and an inc rease  i n  

LlLIiLiL~ hyperpolar iza t ion  a f t e r  such double peaks. 

-. - -  The phenomenon of cathode depression has  a l ready been 
demonstrated by t h e  oscillograms of Figure 3 .  

lJWWWV\~ I t  i s  f u r t h e r  expedient t o  consider  t h e  so -ca l l ed  
anode-breaker response. A g rea t  deal  of  a t t e n t i o n  has 
r e c e n t l y  been given t o  analys is  of t h i s  phenomenon i n  l\[\([([[l physio logica l  l abora to r i e s .  

L Oscillogram 1 (Figure 5) shows t h e  response of a 

Iwfi4M 
neuron analog, f i rst  depolarized by very frequent  s t im- 
u l a t i o n s ,  t o  switching of f  and switching on a prolonged 

1 L\\\LLLU 
hyperpolarizing current .  A s  can be seen,  switching o f f  
t h e  current  causes a l a rge  peak followed by a very small  

I - abor t ive  peak. This ind ica te s  t h e  high l e v e l  of depolar-  - i z a t i o n  a f t e r  switching o f f  t h e  cu r ren t .  I f ,  as  ind ica ted  
i n  osci l logram 2 ,  t h e  neuron i s  f i r s t  depolarized t o  a 

1 higher  l e v e l ,  switching o f f  t h e  same hyperpolarizing pu l se  
now causes rhythmic responses, which ind ica te s  t h e  optimum 

Figure 4. l e v e l  of p o l a r i z a t i o n  f o r  development of autorhythmic 
Transformation p r o p e r t i e s  of t h e  system. This tendency t o  autorhythm of 
of Rhythm As a neurons which have f i r s t  been depolarized i s  b e s t  shown i n  /118 
Function of con t ro l l ed  e f f e c t s ,  when hyperpolar iza t ion  causes d i f f e r -  
St imulat ion ent  depth and length.  
Frequency 

We a l s o  wanted t o  dwell on t h e  phenomenon of  response 
doubling, which i s  o f t en  observed i n  phys io logica l  

experiments and is  explained d i f f e r e n t l y  i n  d i f f e r e n t  cases.  We f e e l  t h a t  it 
a l s o  depends on t h e  combination o f  depolar iza t ion  and hyperpolari  za t ion  o f  t h e  
membrane, caused by incoming s i g n a l s .  

Oscillogram 3 shows t h e  case  o f  high depolar iza t ion  o f  t h e  neuron by 
frequent  rec tangular  s t i m u l i .  Switching on and switching o f f  hyperpolariza-  
t i o n  y i e l d s  a known p a t t e r n  of rhythmic responses. But t h e  f i f t h  and s i x t h  
peaks i n  osci l logram 3 a r e  adjacent ,  and begin Pike response doubling. 
The same i s  t r u e  of osci l logram 4 ( the t h i r d  and four th  peaks).  Moreover, it 
i s  important t o  note  t h a t  t h i s  response doubling i s  accompanied by an 



Figure 5.  Di f fe ren t  Types of 
Anode- Breaker Responses 

i nc rease  i n  subsequent p o l a r i z a t i o n ,  as 
can be seen i n  t h e  osci l lograms 
presented ,  

We f e e l  t h a t  t h e  r e s u l t s  presented  
make it p o s s i b l e  t o  overcome many 
methodological d i f f i c u l ' t i e s  of e l e c t r o -  
physioiogical.  experiiiients . Obvioras lji 
t h e r e  i s  no requirement f o r  nonnumerical 
experiments on t h e  s tudy  o f  t h e  
components of t he  a c t i v i t y  o f  v e s t i b u l a r  
neurons under extreme cond i t i ons .  I t  i s  
s u f f i c i e n t  t o  model t hese  condi t ions  i n  
a  s u i t a b l e  manner, and t o  i n t roduce  them 
as t h e  d i s t u r b i n g  e f f e c t  i n  t h e  model 
considered h e r e ,  and t o  f u r t h e r  v e r i f y  
i n  r e a l  experimentat ion only  t h e  most 
i n t e r e s t i n g  r e s u l t s  from t h e  po in t  of 
view o f  t h e  problem considered.  



ON THE F U N C T I O N A L  R E L A T I O N S H I P  BETWEEN THE 
S E M I C I R C U L A R  CANALS A N D  THE OPOLITHlC APPARATUS 

A. Ye. Kurashvi 1 i and V.  P ,  Babiyak 

ABSTRACT. It was e s t ab l i shed  t h a t  when the combined e f f e c t  
of angular  and cen t r i fuga l  acce l e ra t ions  a c t  on man and 
animals ( r a b b i t s ,  c a t s  and dogs) ,  t he ' angu la r  v e l o c i t y  
of eye movement increases  during the slow phase of pulses  of 
ro t a t iona l  nystagmus. A n  increase  begins a t  the  moment 
G-loads take e f f e c t  and cont inues u n t i l  r o t a t i o n  reaches a  
constant  v e l o c i t y .  An a t tempt  i s  made on the  bas i s  of the 
da ta  obtained t o  expla in  the  e f f e c t  of weight lessness  on man. 
The a r t i c l e  conta ins  one t a b l e  and e i g h t  r e f e rences ,  

The papers  of a  number of  au thors  [ l -6 ,  81 have shown a c l o s e  func t ions1  /119 
i n t e r r e l a t i o n s h i p  between t h e  ampullar and o t o l i t h i c  r e c e p t o r s .  

The i n v e s t i g a t i o n s  have shown t h a t  i f  an adequate s t imulus  o f  t h e  
o t o l i t h i c  apparatus  -- r e c t i l i n e a r  acce l e ra t ion  - -  i s  added t o  t h e  s t imulus  
o f  t h e  semic i r cu la r  cana ls  -- angular  a c c e l e r a t i o n ,  - -  r e f l e x e s  on the  p a r t  of 
t h e  semic i r cu la r  canals  vary s i g n i f i c a n t l y .  I t  turned out t h a t  t h e  , 
d u r a t i o n  o f  postnystagmus i s  decreased a f t e r  combined s t i m u l a t i o n  o f  t h e  
s e m i c i r c u l a r  canals  and o t o l i t h i c  apparatus .  

The i n v e s t i g a t i o n s  mainly concerned p o s t r o t a t i o n a l  nystagmus, and t h e  
p r i n c i p l e s  of  v a r i a t i o n  dur ing  r o t a t i o n  upon simultaneous s t imu la t ion  of t h e  
r e c e p t o r s  o f  t h e  semic i r cu la r  canal  a tr ium were s tud ied  very  inadequate ly .  

In  o r d e r  t o  s tudy t h e s e  p r i n c i p l e s  we u t i l i z e d  t h e  modern method of 
record ing  nystagmus -- electronystagmography - -  which makes it poss ib l e  t o  
o b t a i n  t o t a l  c h a r a c t e r i s t i c s  o f  i t s  main parameters - -  amplitude, angular  
v e l o c i t y  o f  eye motion during t h e  slow phase, and t h e  frequency of pu l se s  and 
t h e i r  du ra t ion .  The experiments were conducted on animals ( r a b b i t s ,  c a t s  and 
dogs) and on humans. 

A r o t a t i n g  cha i r - cen t r i fuge  was used t o  reproduce angular  and cen t r i fuga l  
a c c e l e r a t i o n s  i n  animals,  and a  2.3-m cen t r i fuge  was used' t o  s tudy  humans. 

The animals were a t  f i r s t  subjec ted  t o  angular  acce l e ra t ion ,  and then  t o  
t h e  combined e f f e c t  of angular  and c e n t r i f u g a l  a c c e l e r a t i o n s .  The magnitude 
of angular  a c c e l e r a t i o n  i n  both experiments was i d e n t i c a l ,  and t h e  G-load 
recorded by an appropr ia te  sensor  was from one t o  t h r e e  u n i t s .  Experimental 
condi t ions  were s i m i l a r  during s tudy of humans, 

Experiments on animals and the  d a t a  of labora tory  s t u d i e s  of  humans 
i n d i c a t e d  t h a t  upon simultaneous s t imu la t ion  of  t he  semic i r cu la r  canals  and 



t he  o t o l i t h i c  apparatus,  amplitude, angular  v e l o c i t y  of eye motion during t h e  
slow phase and t h e  pulse  frequency of r o t a t i o n a l  nystagmus inc rease  not iceably  
wi th in  knoGn l i m i t s  of G-load e f f e c t .  This increase  begins from t h e  moment of /120 - 
G-load e f f e c t ,  and continues u n t i l  r o t a t i o n  reaches a constant v e l o c i t y .  

The nystagmogram, obtained when a r a b b i t  i s  r o t a t e d  i n  t h e  cen te r  of a 
c i r c l e ,  when only angular  acce le ra t ion  was ac t ing  on i t ,  descr ibes  a uniform 
curve with s l i g h t  angular  acce lera t ion  of t h e  slow phase (6.2 deg/sec).  

The second nystagmogram was recorded during r o t a t i o n  of  t h e  r a b b i t  on t h e  
edge of  t h e  cen t r i fuge  when angular  and cen t r i fuga l  acce lera t ions  were ac t ing  
on it. I t  is  obvious from t h i s  nystagmogram t h a t  t h e  amplitude and v e l o c i t y  
of the  slow phase (14.5 deg/sec) increase  s i g n i f i c a n t l y  a t  t h e  moment of 
r o t a t i o n  as  G-load increases ,  but  subsequently diminish not iceably  when G-load 
reaches a l e v e l  of approximately one u n i t ,  and uniform acce le ra t ion  i s  
achieved. 

A s i m i l a r  p a t t e r n  i s  observed upon examination of t h e  nystagmograms of a 
r a b b i t ,  experimental dog and during t e s t i n g o f  humans, 

S t a t i s t i c a l  ana lys i s  of  indiv idual  parameters of nystagmus ind ica ted  
t h a t  t h e  va lue  o f  t o t a l  amplitude, angular  v e l o c i t y  o f  eye motion during t h e  
slow phase and pulse  frequency of r o t a t i o n a l  nystagmus increase  not iceably  due 
t o  G-load e f f e c t  (see t a b l e ) .  

V A R l  AT l ONS I N  PARAMETERS O F  ROTAT l ONAL NYSTAGMUS DURl NG ROTAT I ON OF T E S T  
SUBJECTS I N  THE CENTER AND ON THE PERIPHERY O F  A CENTRl FUGE 

Nature Statistical overall Velocit of slol Pulse 
of effect I index i amplitude I phase dieg/sec frequency 

Rotation i n  center of 
centrifuge 

T r .  Note: Commas indica te  decimal po in t s .  

Rotation on periphery of 
centrifuge 

- 
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- 
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t 

233 
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13,7 
7 . 8  

16,3 
10,5 

2 ,4  
3 . 4  

46 
i 2 , 4  

2 ,5  
2.7 



The d a t a  obta ined  provide t h e  b a s l s  f o r  confirming t h a t  t h e r e  i s  an 
i n t e n s i f i c a t i o n  of t h e  i n d i c e s  of r o t a t i o n a l  nystagmus due t o  combined 
s t i m u l a t i o n  o f  t he  semic i r cu la r  cana ls  and t h e  o t o l i t h i c  appara tus .  This  
i n t e n s i f i c a t i o n  i s  apparent ly  caused by t h e  f a c t  t h a t  r e c t i l i n e a r  a c c e l e r a t i o n  
has  an a d d i t i o n a l  e f f e c t  on t h e  cupulae, causing g r e a t  deformation of  them 
compared t o  t h e  e f f e c t  o f  on ly  angular  a c c e l e r a t i o n .  

Control led experiments wi th  animals i n  a cen t r i fuge  ind ica t ed  t h a t  
swi tch ing  o f f  t h e  o t o l i t h i c  func t ion  not iceably  a f f e c t s  t h e  n a t u r e  of r o t a -  /I21 
t i o n a l  nystagmus, which develops upon a decrease i n  i t s  i n t e n s i t y .  

The reason f o r  t h i s  may b e  t h e  e f f e c t  of s h u t t i n g  o f f  t h e  func t ion  o f  t h e  
o t o l i t h i c  apparatus ,  which under normal condi t ions  of i n t e r a c t i o n  with t h e  
ampullar r ecep to r  i n t e n s i f i e s  i t s  func t ion ,  o r  t h e  t raumat iz ing  e f f e c t  of  
c e n t r i f u g i n g  on t h e  func t ion  o f  t h e  ampullar r ecep to r .  

New d a t a  which we obta ined  v e r i f y  t h e  opinion expressed by some authors  
t h a t  t h e  r ecep to r s  of  t h e  semic i r cu la r  cana ls  and o t o l i t h s  func t ion  as  
s y n e r g i s t s  r a t h e r  t han  a s  an t agon i s t s .  

If we proceed from t h i s  p o s i t i o n ,  we may expla in  c o r r e c t l y  c e r t a i n  f a c t s  
observed during weight lessness .  Thus, according t o  i n v e s t i g a t i o n s  o f  
Ye. M. Yuganov [S ]  and o t h e r  au thors ,  a decrease  i n  frequency o f  nystagmic 
r e a c t i o n  and a decrease  of  a l l  o t h e r  animal and vege ta t ive  r e f l e x e s  from t h e  
s e m i c i r c u l a r  cana ls  is  observed under condit ions of  b r i e f  weight lessness .  The 
au tho r ,  r e l y i n g  on previous  concepts about t h e  func t iona l  r e l a t i o n s h i p  between 
t h e  semic i r cu la r  cana ls  and o t o l i t h i c  appara tus ,  expla ins  t h i s  by t h e  f a c t  
t h a t  weight lessness  a c t s  a s  a s t rong  s t imulus  on t h e  o t o l i t h i c  mechanism, 
which under t h e s e  condi t ions  i s  a s  i f  it e x e r t s  an i n h i b i t i n g  e f f e c t  on t h e  
func t ion  o f  t h e  semic i r cu la r  cana l s .  

This  explana t ion  of  t h e  au thor  leaves t h e  fol lowing ques t ions  unresolved. 

1. Why, dur ing  s t i m u l a t i o n  of t h e  o t o l i t h i c  apparatus  under ground 
cond i t i ons ,  i s  on ly  t h e  nystagmic r e a c t i o n  i n h i b i t e d  (we a r e  t a l k i n g  about 
du ra t ion  of  nystagmus), t h e  remaining somatic  and v e g e t a t i v e  r e a c t i o n s  from 
t h e  semic i r cu la r  cana ls  i n t e n s i f y ,  and when, according t o  Yuganov, dur ing  
weight lessness  t h e r e  i s  s t imu la t ion  of  t he  o t o l i t h i c  appara tus ,  not  only i s  
nystagmus reduced, b u t  a l l  remaining v e s t i b u l a r ,  somatic and vege ta t ive  
r e f l e x e s  a r e  a l s o  reduced? 

2., Why, dur ing  our  experiments,  does combined s t imu la t ion  of  t h e  o to-  
l i t h i c  apparatus  and semic i r cu la r  cana l s  i nc rease  t h e  i n t e n s i t y  of  r o t a t i o n a l  
nystagmus, while  s t imu la t ion  of  t h e  o t o l i t h i c  apparatus dur ing  weight lessness ,  
according t o  Yuganov, decreases  nystagmus? 

These ques t ions ,  according t o  t h e  d a t a  of  our  experiments,  may be 
expla ined  i n  t h e  fol lowing manner. 



As a l ready  noted above, t he  s emic i r cu la r  cana ls  and o t o l i t h s  func t ion  as  
s y n e r g i s t s ,  i . e .  o t o l i t h i c  s t imu la t ion  i n t e n s i f i e s  r e f l e x e s  from t h e  semi- 
c i r c u l a r  cana ls .  During b r i e f  per iods  o f  weight lessness ,  t h e  o t o l i t h s  l o s e  
t h e i r  weight while  preserv ing  t h e i r  mass, Under t h e s e  condi t ions ,  t h e  
func t ion  of  t he  o t o l i t h i c  apparatus  apparent ly  diminishes,  i . e .  during t h e  
process  of  synergism one of i t s  l i n k s  i s  f u n c t i o n a l l y  diminished, a s  a r e s u l t  
o f  which weakening o f  t h e  r e f l e x e s  from t h e  semic i r cu la r  cana ls  a l s o  beg ins .  

Thus, a  decrease  i n  t h e  func t ion  o f  one o f t h e  l i n k s  i n  t h e  s y n e r g i s t i c  / I22 
process  causes weakening of t h e  r e f l e x e s  from t h e  semic i r cu la r  cana ls  under 
condi t ions  of  weight lessness  r a t h e r  than  new s t imu la t ion  of t h e  o t o l i t h s .  

The o t o l i t h i c  func t ion  under condi t ions  of weight lessness  may not  b e  
diminished f o r  t h e  fol lowing reasons.  

The o t o l i t h i c  r ecep to r s  i n  a l l  i n h a b i t a n t s  o f  t h e  e a r t h  a r e  arranged such 
t h a t  t h e  ponderable o t o l i t h i c  membrane s h i f t s  when t h e r e  i s  a  v a r i a t i o n  i n  t h e  
d i r e c t i o n  o f  g r a v i t y ,  o r  due t o  t he  e f f e c t  of r e c t i l i n e a r  a c c e l e r a t i o n ,  and 
s i g n a l s  t h e  p o s i t i o n  of t h e  body i n  space.  Such arrangement of t h e  o t o l i t h i c  
r e c e p t o r  i s  determined by t h e  cons tan t  e f f e c t  of g r a v i t a t i o n a l  f o r c e s  d i r e c t e d  
toward t h e  c e n t e r  of  t h e  e a r t h .  A l l  l i v i n g  c r e a t u r e s  have become adapted t o  
t h e s e  condi t ions  of  ex i s t ence  during t h e  process  o f  phylogenic development. 

Butwhen an animal o r  man f i n d s  himself  under condi t ions  of weight less -  
ness ,  t h e  o t o l i t h s  l o s e  weight,  and t h i s  means t h a t  t h e  o t o l i t h i c  r ecep to r s  
a r e  deprived of t h e i r  normal condi t ions  i n  t h e i r  r e f l e c t o r  a c t i v i t y .  Can t h e  
o t o l i t h i c  r e c e p t o r s  func t ion  normally under condi t ions  when t h e  accustomed 
system of a c t i v i t y  i s  d is rupted?  

We must assume t h a t  l o s s  c f  weight of t h e  o t o l i t h s  has  a  n o t i c e a b l e  
e f f e c t  n o t  on ly  on t h e  func t ion  of t h e  o t o l i t h i c  r ecep to r s ,  bu t  a l s o  on t h e  
func t ion  o f  t h e  semic i r cu la r  cana ls ,  s i n c e  t h e i r  a c t i v i t y  i s  c l o s e l y  i n t e r -  
r e l a t e d .  

On t h e  b a s i s  of  our  d a t a  we may assume t h a t  weakening thc  r e f l e x e s  from 
t h e  semic i r cu la r  cana l s  during weight lessness  i s  caused by a  decrease  i n  t h e  
func t ion  of  t h e  o t o l i t h i c  apparatus  i n  connection with weight l o s s e s  of t h e  
o t o l i t h s .  

I f  under condi t ions  of ground experiments,  switching o f f  t h e  o t o l i t h i c  
func t ion  weakens expression of r e f l e x e s  from t h e  semic i r cu la r  cana l s ,  and, on 
t h e  o t h e r  hand, t h e i r  simultaneous s t imu la t ion  i n t e n s i f i e s  t h e s e  r e f l e x e s ,  
then  under condi t ions  of weight lessness  a l l  r e f l e x e s  from t h e  semic i r cu la r  
cana ls  should b,e diminished i n  a  s i m i l a r  manner i n  connection wi th  d i s r u p t i o n  
o f  t h e  o t o l i t h i c  func t ion ,  

However, decreas ing  t h e  r e f l e x e s  from t h e  semic i r cu la r  cana ls  s t i l l  does 
not  mean a  decrease  i n  s e n s i t i v i t y  o f  t h e  v e s t i b u l a r  ana lyzer .  Under 
condi t ions  o f  weight lessness ,  d i s rup t ion  of t h e  accustomed i n t e r r e l a t i o n s h i p  



of t h e  mpu1 la r  a.nd o t o l i t h i c  r ecep to r s  apparent ly  has a negat ive  e f f e c t  on 
t h e  combined a c t i v i t y  of many ana lyzers ,  t o  which t h e  v e s t i b u l a r  ana lyzer  i s  
connected, which upon accv~nl-zlation o f  s t imu la t ions  may r e s u l t  i n  undes i rab le  
ves t ibu lo -vege ta t ive  s h i f t s  i n  an a s t ronau t  ' s  organism, 

We know t h a t  s igns  of discomfort  observed i n  some astronarrats d id  no t  
begin  immediately, b u t  w i th in  seve ra l  hours a f t e r  t h e i r  presence i n  a s t a t e  of  
weight l f iC-  ba.,ness - 

During prolonged space f l i g h t s ,  t h e  most e f f e c t i v e  means o f  prevent ing , 

motion s ickness  should obviously be  t o  c r e a t e  condi t ions  of  a r t i f i c i a l  g r a v i t y  
f o r  t h e  crew members o f  a spaceship.  
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ON THE FUNCTIONAL STATE OF T h t  VESTIBULAR APPARATUS 
OF RATS DURING WYPOPHERMY 

I .  i .  Voinova 

ABSTRACT. The eha rac t e r i  s  t i c s  of pos t - r o t a t  ional nystagmus 
in r a t s  were s tudied  during the  dynamics of developing 
a r t i f i c i a l  hypothermy a t  a  body temperature of 37-20". When 
body temperature was lowered t o  33-34', the i n t e n s i t y  of 
nystagmus was increased;  cool ing the  r a t s  t o  28-27' and be- 
low caused pos t - ro t a t iona l  nystagmus t o  diminish,  and the  
r eac t ion  disappeared completely a t  20° ,  

Funct ional  c h a r a c t e r i s t i c s  of  t h e  v e s t i b u l a r  apparatus  under condi t ions  
o: v a r i a b l e  r e a c t i v i t y  of  an organism have been b a r e l y  s tud ied ,  aiid a r e  of  
s p e c i f i c  i n t e r e s t  f o r  b io logy  and medicine. There i s  l imi t ed  informat ion  i n  
the l i t e r a t u r e  which i n d i c a t e s  t h a t  t h e  v e s t i b u l a r  r e a c t i o n  v a r i e s  when an 
organism i s  cooled.  According t o  t h e  d a t a  of Innocent i  [2] ,  t h e  d u r a t i o n  and 
frequency of  nystagmus t o  r o t a t i o n a l  s t imu la t ion  of guinea p igs  and r a b b i t s  
cooled t o  28' a t  f i r s t  i n c r e a s e ,  then  a t  26-24' decrease ,  and d i sappea r  a t  a  
body temperature below 20". 

I t  was e s t a b l i s h e d  dur ing  s tudy of p o s t - r o t a t i o n a l  nystagmus i n  guinea 
p i g s  t h a t  it i s  i n h i b i t e d  when animals a r e  cooled [3]. 

I n  ou r  paper  we s tud ied  t h e  c h a r a c t e r i s t i c s  of  p o s t - r o t a t i o n a l  nystagmus 
i n  r a t s  during development of  hypothemy and recovery of v i t a l  func t ion  t o  its 
i n i t i a l  l e v e l .  

Method 

The experiments were c a r r i e d  out  on 62 whi te  r a t s ,  i n  which pos t -  
r o t a t i o n a l  nystagmus was s tudied  according to t h e  norm, upon cool ing  and 
hea t ing  of  "ce  animals.  The animals were r e s t r a i n e d  r i g h t  s i d e  up on t h e  
sur face  of E. s p e c i a l  t a b l e  r o t a " c q  a t  d i f f e r e n t  angular  v e l o c i t i e s  -- 18, 
30, 60, 120, 180, 240, 300, 360, 420, 480, 540, 600, 660, 720, 1080 and 
1440 deg/sec. 

Each r o t a t i o n  continued f o r  20 s e c  a t  an i n t e r v a l  of one t o  two minutes 
and a s t o p  o f  one second. Recording of nystagmus was accomplished us ing  
e l ec t rodes  pos i t i oned  nea r  t h e  ex t e rna l  angles  of t h e  eyes b i tempora l ly  on a  
4EEG-1 four-channel encephalograph. The experiments were conducted i n  a  
cool ing chamber i n  which i.t was p o s s i b l e  t o  maintain a  temperature "6 -20° " .  



Body temperature was measured r e c t a l l y ,  The s t a t e  of  l-1ypo"cherm~y rn 48 r a t s  
was obtained by t h e  hypercapnia-hypoxia nrle"i-hod ( t h e  inodified r i ; ~ t l r ~ d  o f  
Zhiyya- Andzhuas) , 

For comparison, e igh t  experiments were c a r r i e d  ou t  i n  which cool ing  of 
t h e  r a t s  was accomplished a f t e r  prernedication (20 mg/kg of  promedole and 
25 mg/kg o f  pipolphene) .  

Reactidra of t h e  v e s t i b u l a r  apparatus  was s tud led  a h  body temperature oP 
35-37, 33-34, 31-29, 27-28, 25-26, 23-24 and 20-22' and w i t h ~ n  17-18 h r  
a f t e r  t o t a l  recovery of  v i t a l  f ~ n c c r o n .  D i g i t a l  experimental m a t e r i a l  was 
processed according t o  S t u d e n t ' s  method, 

R e s ~ ~ i t s  of  t he  Inves t iga t ions  

Experimental r e s u l t s  i nd ica t ed  t h a t  dura t ion  o f  pos t  - 1 u t a t i o n a l  nystagmus 
according t o  t h e  norm, and a l s o  under condi t ions  of  cool ing  t h e  animals 
depends on t h e  r a t e  of a c c e l e r a t i o n  (Figures  1 and 2) and v a r i e s  w i th in  1 i . r t j . t ~  
from 0 t o  22 sec .  

S t imula t ion  o f  t h e  l a b y r i n t h  by r o t a t i n g  t h e  animal a t  an angular  
v e l o c i t y  from 18  t o  60 deg/sec according t o  t he  norm y ie lded  a gradual  
i n c r e a s e  i n  s e n s i t i v i t y  o f  p o s t - r o t a t i o n a l  nystagmus (see Figure 1 ) .  Rota t ion  
of  r a t s  a t  an  angular  v e l o c i t y  from 240 t o  600 deg/sec caused a more def ined  
r e a c t i o n .  Duration o f  nystagmus increased  8-14 t imes compared with minimum 
a c c e l e r a t i o n s .  Maximum i n t e n s i t y  of r o t a t i o n  (1080-1440 deg/sec) caused a 
two- t o  t h r e e f o l d  decrease  i n  v e s t i b u l a r  r eac t ion .  

sec 

0 30GOI20 240 360 480 600 720 8840.460 1080 120013201440 
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Figure 1 .  Variat ion i n  Dur- 
a t i o n  o f  Nystagmus As a 
Function of Accelerat ion a t  
Normal Body Temperature 

Cooling r a t s  according t o  t h e  
hypercapnia-hypoxia method (see  Figure 2) t o  
a body temperature o f  35-34" r e s u l t e d  i n  a 
f , 5 - f o l d  inc rease  i n  du ra t ion  of pos t -  
r o t a t i o n a l  nystagmus compared with t h e  
con t ro l .  

Duration o f  nystagmus a t  29-31" d i d  not  
d i f f e r  s u b s t a n t i a l l y  from t h a t  of  con t ro l  
animals.  A f u r t h e r  decrease i n  body temper- 
a t u r e  t o  26-27" caused a decrease  i n  d u r a t i o n  
of  t h e  r e a c t i o n  by 1.5-2 t imes .  When t h e  
rats were cooled t o  23-24', a s l i g h t  r e a c t i o n  
i n  response t o  s t imu la t ion  of t h e  l a b y r i n t h  
by r o t a t i o n  o f  t h e  animals a t  an angular  
v e l o c i t y  o f  240-600 deg/sec was noted i n  a 
number of experiments (see Figure 2 ) .  Move- 
ments s f  the  eyeba l l  t o  r o t a t i o n a l  stiiiiuia- 
t i o n  ceased i n  r a t s  cooled t o  a body 
temperature of  2 0 ° ,  



A decrease  i n  r e a c t i o n  was 
observed i n  a l l  experiments 

se c under condi t ions  o f  cool ing 
20 with pre l iminary  premeditation 
18 a t  a  body temperature of  
16 33-34". Var i a t ion  i n  p o s t -  
14 r o t a t i o n a l  nystagmus a t  30-31" 
12 i n  t h i s  group o f  animals was 
.I0 i r r e g u l a r .  However, a t  a  / I26 - 
8 temperature of 26-29" t h e r e  was 

6 an expressed tendency f o r  
r e a c t i o n  t o  decrease  i n  compar- 

4 
. i son  wi th  con t ro l  animals .  

2 

o 30 Knizo 240  GO 480 6$0 720 840 960 1080 1200 1,720 1440 1560 1680 I t  i s  necessary  t o  no te  t h e  
deg/sec f a c t  t h a t  even a t  deep l e v e l s  of 

Figure 2 .  Variat ion i n  Duration of hypothermy, when nystagmus d i s -  
Nystagmus i n  Rats During Development o f  appears completely,  a d j u s t i n g  
Hypot he rmy r e f l e x e s  of t h e  head and body a r e  

r a t h e r  c l e a r l y  maintained and 
d isappear  only a t  a  body tempera- 
t u r e  below 16". 

Resul ts  o f  c o n t r o l l e d  experiments (body temperature of  36'), i n  which 
observa t ion  was c a r r i e d  out of  t h e  v a r i a t i o n  i n  du ra t ion  of  p o s t - r o t a t i o n a l  
nystagmus a s  a func t ion  o f  repea ted  s t i m u l a t i o n  of t h e  l a b y r i n t h ,  i n d i c a t e d  
n e g l i g i b l e  adapta t ion  of  t h e  v e s t i b u l a r  r e a c t i o n .  I t  i s  obvious from Figure  3  
t h a t  t h e  d i f f e r e n c e  i n  du ra t ion  of  nystagmus between t h e  f i r s t  and second and 
t h e  f i r s t  and t h i r d  r o t a t i o n s  is  n e g l i g i b l e ,  bu t  i s  more c l e a r l y  expressed 
upon comparison of  t h e  f i r s t  r o t a t i o n  of t h e  animal with t h e  f i f t h  and s i x t h  
r o t a t i o n s .  

Thus, t h e  r e s u l t s  o f  our  i n v e s t i g a t i o n s  ind ica t ed  t h a t  t h e  func t ions  of  
t h e  v e s t i b u l a r  apparatus  a r e  no t  i n  d i r e c t  dependence on t h e  depth of 
hypothemy and on t h e  l e v e l  o f  t i s s u e  metabolism compared t o  t h e  o t h e r  
func t ions  of t h e  organism. 

Function of t h e  v e s t i b u l a r  apparatus  even inc reases  a t  s p e c i f i c  s t a g e s  of  
hypothermy, when body temperature is  decreased t o  33-34"> and a t  29-31" it i s  
maintained a t  a  l e v e l  near  t h a t  of i n t a c t  animals.  Cooling r a t s  t o  a  body 
temperature of 28-27'' and below causes i n h i b i t i o n  o f  r e a c t i o n  from t h e  semi- 
c i r c u l a r  cana l s ,  and a t  20' t h e  r e a c t i o n  d isappears  completely.  However, t h e  
o t o l i t h i c  apparatus  s t i l l  cont inues t o  func t ion  under  t hese  cond i t i ons .  

Obviously, t h e  d a t a  obtained may be explained,  on t h e  one hand, by 
e l imina t ion  o f  t h e  i n h i b i t i n g  e f f e c t  of  t h e  h ighe r  branches of t h e  c e n t r a l  
nervous system dur ing  hypothemy,  which i s  confi-med by s t u d i e s  of  Magnus [7] ,  1127 
which showed t h e  i n h i b i t i n g  e f f e c t  o f  t he  cerebrum and ce reb ra l  co r t ex  on 
func t ions  of  t h e  v e s t i b u l a r  apparatus  On t h e  o t h e r  h a d ,  we may assume t h a t  



t h e  v e s t i b u l a r  apparatus  and i t s  r e f l e x  t r a c t s  
under t h e s e  condi t ions  a r e  more s t a b l e  t o  
cool ing as  apparatus  which a r e  phylogenica i ly  
more anc i en t .  Very cur ious  i s  t he  f a c t  t h a t  t h e  

C) 
-- v e s t i b u l a r  apparatus  i t s e l f  and i t s  va r ious  

, branches a r e  not  uniformly s t a b l e  t o  cool ing .  

1 Thus, t h e  o t o i i t h i c  apparatus  r e t a i n s  its fune- 
1 t i o n  under deeper l e v e l s  of  hypothermy, whi le  
' t h e  a d j u s t i n g  r e f l e x e s  of  t h e  head i n  ou r  

experiments were r a t h e r  we l l  def ined  even a t  a 
body temperature of  18-16" and below, and pos t -  
r o t a t i o n a l  nystagmus r e l a t e d  t o  t h e  func t ion  o f  
t h e  semic i r cu la r  cana l s  disappeared completely 

Repetition of rotaiions a t  23-20". 

Figure 3. Var ia t ion  i n  Conclusions 
Durat i on of Nys tagmus 
upon Repeated Rotat ion.  I .  Duration of  nystagmus during hypothemy 
Rotation ve loc i ty  i s  i n  r a t s  when r o t a t e d  a t  angular  v e l o c i t i e s  from 
360 deg/sec. 18 t o  1440 deg/sec depends on t h e  method and 

degree of  cool ing t h e  animal.  

2. In  hypothermy, obtained by t h e  hypercapnia-hypoxia method, du ra t ion  
o f  nystagmus a t  va r ious  s t ages  of  cool ing  t h e  animal (34-32") i nc reases  by 
SO%, r e t u r n s  t o  i t s  i n i t i a l  l e v e l  upon f u r t h e r  cool ing (31-29"), and then  
decreases  a t  a body temperature of 28-23" and d isappears  completely a t  a 
r e c t a l  temperature of  20". 

3. The v e s t i b u l a r  o t o l i t h i c  func t ion  r e l a t e d  t o  ad jus t ing  r e f l e x e s  i s  
r e t a i n e d  during t h e  e n t i r e  per iod ,  even t o  a body temperature o f  17-16", 
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SENSORY MOTOR REAGT!DNS CF MAN UNDER THE EFFECT OF 
ROTAT I ON O N  A LOW-BAD i US I NSTALLAT I ON 

S. S, Markaryan, V .  G .  P e r e n t 9 e e  and d id ,  S .  Fornin 

ABSTRACT. Invesr iga t ions  were c a r r i e d  out  on a  spec ia l  
s ~ a n d  which p e r m i t s  v a r i a t i o n  i n  t h e  pos i t i on  of a  s u b j e c t ' s  
body w i t h  respect t o  the v e r t i c a l  r o t a t i o n  a x i s .  Rotation 
around an a x i s  p a s s i n g  t h r o u g h  the  region of the pe lv i s  w i t h  
the  s u b j e c t  i n  a v e r t i c s k  pos i t i on  i s  acceptab le  f o r  no more 
than 20 r n i ~  a t  a v e l o c i t y  of 1.5-2.0 rps .  Rotation around 
axes passing through the  region of the head, hea r t  and f e e t  
a r e  t o l e r a t e d  much worse. 

Not only  r e c t i l i n e a r ,  bu t  a l s o  ce r i i r i pe t a l  a c c e l e r a t i o n s ,  t h e  r o t a t i o n  - / I  28 
ax i s  cf which passes  through 6-ifferent  p a t s  of t h e  body, may a c t  on t h e  
organism o f  a p i l o t  under c e r t a i n  f l i g h t  condi t ions .  Therefore,  i t  i s  
important t o  s tudy  t h e  maximum capabilities of man under t h~%. -e  conc;iSiorrs with 
regard t o  c o a t r o l l i n g  t h e  c r a f t  xnd execut ing s p e c i f i c  coordi~:;ted movements. 
We have no t  succeeded i n  f ind ing  s i m i l a r  papers  i n  t h e  l i t e r a t u r e .  

We assigned ourse lves  t h e  problem of  s tudying c e r t a i n  i n d i c a t o r s  o f  
sensory motor r e a c t i o n s  of man under condi t ions  of maximum pe rmis s ib l e  
c e n t i i p e t a l  acce lera t ior l s  during r o t a t i o n  around axes pass ing  through 
d i f f e r e n t  p a r t s  o f  t h e  bo&y, and with t h e  body being i n  d i f f e r e n t  p o s i t i o n s  
w i t h  r e spec t  t o  t h e  v e r t i c a l  ax i s  of r o t a t i o n .  

Method 

The i n v e s t i g a t i o n s  were conducted on a  s p e c i a l  s t and  which r o t a t e d  a t  
cons tan t  v e l o c i t i e s  from 0 .25  t o  2 . 0  r evo lu t ions  p e r  second a t  r e l a t i v e l y  
cons tan t  a-ngular v e l o c i t i e s  of  1 deg/sec2 during per iods  of a c c e l e r a t i o n  and 
braking.  Two s e r i e s  of experiments were c a r r i e d  out  depending on t h e  p o s i t i o n  
of  t h e  t e s t  s u b j e c t  with r e spec t  t o  t h e  v e r t i c a l  a x i s  of r o t a t i o n .  I n  t h e  
f i r s t  s e r i e s  t h e  r o t a t i o n  a x i s  passed through t h e  reg ion  o f  t h e  p e l v i s ,  and 
t h e  t runk  was i n  a v e r t i c a l  p o s i t i o n  o r  i n c l i n e d  forward a t  20 ,  3 0 ,  45, 65, 
80 and 90'. I n  t h e  second s e r i e s  o f  experiments t h e  t e s t  s u b ~ e c t  was f i x e d  i n  
a  ho r i zon ta l  p o s i t i o n  such t h a t  t h e  r o t a t i o n  ax i s  passed through t h e  reg ion  of  
t h e  head, h e a r t  o r  f e e t .  I nves t iga t ions  began a t  extremely low a c c e l e r a t i o n s ,  
and t h e  e f f e c t  of maximum permiss ib le  a c c e l e r a t i o n s  was subsequently s tud ied ,  
i n  which d e f i n i t e  func t iona l  s h i f t s  developed i n  t h e  organism of t h e  t e s t  
s u b j e c t ,  and h i s  work c a p a b i l i t y  was no t i ceab ly  d i s rup ted ,  Duration of  
r o t a t i o n  i n  a l l  cases  was i d e n t i c a l  -- 20 min. A t o t a l  of 86 experiments was 
c a r r i e d  out wi th  p a r t i c i p a t i o n  of  16 hea l thy  t e s t  sub jec t s  with high v e s t i -  
b u l a r  s t a b i l i t y .  



Sttadv o f  t h e  sensory motor r eac t ions  was conducted aceoxding t o  a  :lethod, 
t h e  essence of which i s  contained i n  t h e  fol lowing - -  t h e  t e s t  s u b j e c t ,  
s i t t i n g  i n  t h e  c h a i r  of t h e  s t and ,  foilowed tile readirigs 01 4x0 i n s t rmte r t~ r ;  
dur ing  r o t a t i o n  (milliammerers with a centrcll te~o). iliheri the con~mrind was 
g iven ,  Iie a l t e r e d  t h e  ~tdadings o f  thct, ,  ins t r~ ; i i (~- i - s  to a  p ~ t ~ v i a ~ ~ s l y  known i 129  
reading ,  f o r  which he executed appropriate no I ,me?~ts of t h z  r i q h t  a- ID (manual 

- 
d r i v e  con t ro l )  and t h e  f e e t  ( foo t  peda l  c o n t r o l ) .  Signal  lamps of  .r!rlree 

,- - c o l o r s ,  t o  which t h e  t e s t  s u b j e c t  responded with t h e  same movement:, i> - v  
voice  commands ( r i g h t ,  l e f t  and s t r a i g h t ) ,  served a s  condit ioned s t i m u l i .  For 
t h i s  purpose, p re l iminary  t r a i n i n g  under condi t ions  of r e s t  was c a r r i e d  o u t .  
I n d i c a t o r s  of motor r e a c t i o n  were t h e  la tency  pe r iod  from t h e  time t h e  s i g n a l  
o r  command was suppl ied  u n t i l  t h e  beginning of motor a c t i v i t y  and 
du ra t ion  of t h e  r e a c t i o n ,  i . e .  t h e  t ime o f  achieving a  given goal .  Study of  
t h e  sensoxy motor r e a c t i o n  was c a r r i e d  out  before and during r o t a t i o n ,  and 
i m e d  a t e l y  a f t e r  t h e  s t and  was s topped.  The experiments were repea ted  f i v e  
t o  s i x  "rir~icc t o  v e r i f y  average i n d i c a t o r s .  

Aceonding of  s t imu la t ion  and r e c i p r o c a l  motor r e a c t i o n  was accomplished 
i n  -the form of curves on t h e  photographic t ape  of  a  loop osc i l l og raph ,  which 
was guaranteed thanks t o  t h e  presence of  a  c o l l e c t o r  device on t h e  r o t a t i o n  
s t and .  

Resul t s  of r h e  l n v e s t  i g a t  i ons 

A f t  c -  pre l iminary  t r a i n i  rig under condi t ions  of  r e s t ,  t h e  t e s t  sub j  e c t s  
were given s t a b l e  ixldlcators cf la tency  per iods  wi th in  t h e  ranges of 0.5- 
0 .9  sec .  The l e n ~ t h  of r e a c t i o n s  ( t ime of reaching a  given goa l )  i n  va r ious  
s u b j e c t s  ranged from 0 . 7  t o  2 .5  sec .  During i n v e s t i g a t i o n s  i n  t h e  t h i r d  
minute o f  r o t a t i o n  and immediately a f t e r  t h e  s t and  was stopped, an inc rease  i n  
t h e  i n d i c a t o r s  of  t h e  sensory motor r e a c t i o n  was, a s  a  r u l e ,  much g r e a t e r  t han  
during t h e  process  o f  "cotai r o t a t i  on. Thj s  i s  apparent ly  re3 a"cd t o  i n t e n -  
s i f i c a t i o n  of a f f e r e n t  pu l sa t ion  from t i i ~  receptors o f  t h e  v e s t i b u l a r  
appara tus ,  caused by p o s i t i v e  and negat ive  acce l e ra t ions  a t  t h e  moment o f  
ga in ing  v e l o c i t y  and braking ( the  appearance of nystagmus, "f lashingi '  of t h e  
instrument  panel i n  f r o n t  of t h e  eyes,  f a l s e  s ensa t ion  o f  body p o s i t i c v  i n  
space,  e t c . ) .  Latency per iods  and length  or  motor r e a c t i o n s  during r o t a t ~ o n  
at a  cons tan t  v e l o c i t y  were increased  wi th  d e f i n i t e  c h a r a c t e r i s t i c s  depending 
on t h e  condi t ions  o f  t h e  exper imer* .~ .  In  t h e  f i r s t  s e r i e s  of t h e  experiments,  
t h e  g r e a t e r  t h e  angle of i n c l i n a t i o n  of  t h e  t runk with r e spec t  t o  r o t a t i o n  
a x i s  and t h e  g r e a t e r  t h e  angular  v e l o c i t y ,  t h e  h igher  were both i n d i c a t o r s  o f  
sensory motor r e a c t i o n s .  In  t h e  second s e r i e s ,  an  inc rease  i n  t h e  length  o f  

-7 with l a t ency  per iods  and motor r e a c t i o n s  depended on t h e  p o s i t i o n  o f  t h e  bodd 
r e s p e c t  t o  r o t a t i o n  a x i s ,  and a l s o  on t h e  magnitude of angular  v e l o c i t y .  

The t a b l e  p re sen t s  average d a t a  of  t h e  inc rease  i n  l a t ency  per iods  ( the  
f i rst  f i g u r e )  and t h e  lerrgth o f  motor r e a c t i o n s  ( the  second f i g u r e )  f o r  t h e  
e n t i r e  per iod o f  20-min r o t a t i o n  ( i n  percentages with r e spec t  t o  i n i t i a l  



nd ica to r s )  depending on t h e  p o s i t i o n  of  t h e  body with r e spec t  t o  r o t a t i o n  /I31 
x i s  and on angular  v e l o c i t y .  

,VERAGE I N D I C A T O R S  ( IN  %)  OF INCREASE I N  LATENCY P E R I O D S  AND LENGTH O F  MOTOR 
E A C T I O N S  AS A FUNCTION OF ANGULAR V E L O C I T I E S  AND eoev P O S ; T I O N  WITH RESPECT 

TO T H E  V E R T I C A L  A X I S  O F  R O T A T I O N  

First series: 
rotation axis passed through the 
region of the  pelvis, and the  
body was inclined 

so0 

Second series: 
test subject was fixed in a re- 
clining position, and rotation 
axis passed through the segion 
of the  

head 
heart 
feet  

NOTE: The f i r s t  f i g u r e  i s  the ind ica to r  of increase i n  l a tency  pe r iods ,  
and the  second i s  t h a t  of the  length o r  motor r eac t ions ,  

I t  i s  obvious from the  t a b l e  t h a t  i n  t h e  f i r s t  s e r i e s  of  experiments an 
ncrease  i n  t h e  i n d i c a t o r s  of sensory motor r eac t ions  by 4 0 - 5 0 %  began a t  lower 
o t a t i o n  v e l o c i t i e s  a s  t he  angle of  i n c l i n a t i o n  of  t h e  body increased  wi th  
espec t  t o  t he  v e r t i c a l  ax i s  o f  r o t a t i o n .  The most unfavorable condi t ions  
n  t he  second s e r i e s  were those i n  which the  ax i s  of  r o t a t i o n  passed through 
he reg ion  o f  t h e  f e e t .  



I t  should be noted t h a t  t h e  h ighes t  angular  v e l o c i t i e s  i n  our  experiments 
were maximzrm n o t  only according t o  i n d i c a t o r s  o f  sensory motor r e a c t i o n s ,  bu t  
a l s o  i n  t h e  degree o f  d i s rup t ions  i n  t h e  func t iona l  s t a t e  of  t h e  card io-  
v a s c u l a r  system (according t o  d a t a  of E .  V .  Marukhanyan) and of t h e  v i s u a l  
analyzer  (A. B .  F l e k k e l s ,  1963). 

Comparison of t h e  i n d i c a t o r s  of  l a t ency  per iods  and du ra t ion  of motor 
r e a c t i o n s  with r e s u l t s  of mathematical c a l c u l a t i o n s  and t h e  magnitudes o f  
c e n t r i p e t a l  a c c e l e r a t i o n s  ind ica t ed  t h e  presence of a  r e g u l a r  i nve r se  f u n c t i o n  
between t h e  degree of  t h e  v a r i a t i o n s  i n  sensory motor r e a c t i o n s  and t h e  va lues  
o f  l ong i tud ina l  components of  t h e s e  acce l e ra t ions  i n  t h e  head-pelvis  
d i r e c t i o n .  
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THE PROBLEM OF MOTDON S I C K N E S S  AND INCREASED SENSIllVlTY 
TO VEST I BULAR EFFECTS 

ON THE P R O B L E M  OF VEST i BUbO-VEGETAT I VE REFLEXES DUE 
TO THE EFFECT OF C O R l Q L l S  A C C E L E R A T I O N  

ABSTRACT. S tudies  on 40 s u b j e c t s  revealed t h a t  the  s e v e r i t y  
of vestibule-vegetative and ves t ibu lo-somat ic  r eac t ions  i s  
g r e a t e r  during a c i  tve  ti l t i  ng backward and forward than during 
tilting forward and backward, On t h i s  bas i s  a new t e s t  which 
determines the  degree of v e s t i b u l a r  r e s i s t a n c e  t o  C o r i o l i s  
a c c e t e r a t i o n  i s  proposed f o r  v e s t i b u l a r  s e l e c t i o n  and con- 
d i t i o n i n g  of cosmonauts. 

In  h i s  t ime,  Purk in je  d iscovered  t h a t  a man s i t t i n g  q ~ ~ i e t l y  dur ing  /132 
uniform r o t a t i o n  lo ses  t h e  sensa t ion  of r o t a t i o n ,  b u t  it aga in  appears when he  
i n c l i n e s  t h e  head. 

In 1908, V.  I .  Voyachelc [1] explained Purk in j e ' s  phenomenon by t h e  
development o f  a c c e l e r a t i o n  which a r i s e s  upon r o t a t i o n  o f  t h e  body i n  two 
mutual ly perpendicular  p lanes ,  The  magnitude o f  t h i s  a c c e l e r a t i o n  i s  c a l c u l -  
a t ed  by C o r i o l i s ' s  formula. 

According to .pub l i shed  d a t a ,  some cosmonauts experienced t h e  s t a t e  of 
motion s i ckness  during o r b i t a l  f l i g h t  around the  e a r t h  [ 2 ,  41. 

The spaceship  and t h e  cosmonaut revolve  around t h e  e a r t h ,  and a l s o  
develop r o t a t i o n a l  movements around t h e i r  own axes.  Under such f l i g h t  
cond i t i ons ,  any movement of t h e  head o r  body o f  t h e  cosmonaut con t r ibu te s  t o  
development o f  Cor io l i s  acce l e ra t ion .  Although t h i s  acce l e ra t ion  does not  
reach h igh  va lues ,  when i t  accumulates during a prolonged f l i g h t  i t  may lead  
t o  development of ves t ibu lo -vege ta t ive  r e f l e x e s .  The l a t t e r  circumstance 
d i c t a t e s  t h e  requirement i n  s e l e c t i n g  cosmonauts, of i n v e s t i g a t i n g  t h e i r  
s e n s i t i v i t y  t o  Cor io l i s  a c c e l e r a t i o n ,  e s p e c i a l l y  i t s  cumulative e f f e c t s .  

We know t h a t  t h e  s e n s i t i v i t y  of  t h e  v e s t i b u l a r  analyzer  t o  t h i s  acce l e r -  
a t i o n  i s  determined by t h e  c l a s s i c a l  experiment of V,  I .  Voyachek. Moreover, 
animal r e a c t i o n  -- i n c l i n a t i o n  of t h e  body of  t h e  t e s t  sub jec t  upon i t s  
ex tens ion  from a forward inc l ined  p o s i t i o n  -- i s  recorded during uniform 
r o t  a t  ion .  



However, cons ider ing  that t h e  body of  a cosmonaut i s  i n c l i n e d  backward 
dur ing  f l i g h t  and Ize must more ofccn s t r a i g h t e n  himself  i n  a backward-forward 
d i r e c t i o n ,  it would be  more c o r r e c t  i n  V.  I. Voyachek's experience t o  c a r r y  
out s i m i l a r  s i r a i g h t e n i n g  of the body, i . e .  backward-forward, and of course 
r e g i s t r a t i o n  o f  v e g e t a t i v e  r a t h e r  than  animal r e a c t i o n  i s  more s i g n i f i c a n t .  

Kelyb,,g on the  d a t a  of V .  G. S t r e l e t s  [5] and I .  S. Usachev [6] ,  which / l J 3  
i n d i c a t e  g r e a t e r  d e f i n i t i o n  of  v e s t i b u l a r  r e a c t i o n s  during backward i n c l i n e d  
r o t a t i o n  than  during forward i z c l i n e d  r o t a t i o n ,  we may assume t h a t  s t r a i g h t -  
en ing  from t h e  backward-forward p o s i t i o n  during r o t a t i o n  (we s h a l l  a r b i t r a r i l y  
c a l l  i t  "backward CorLolis") d i sp l ays  more def ined  v e s t i b u l a r  r e a c t i o n  than  
dur ing  s t r a i g h t e n  :fig f r ~ m  t h e  forward-backward pos i t io r l  (we s h a l l  a r b i t r a r i l y  
c a l l  i t  "forra--su Cor io l i s9 ' )  . 

experiments performed according t o  t h i s  scheme on 40 t e s t  s u b j e c t s  
confirmed t h i s  assumption. Both ves t ibu lo-somat ic  and ves t ibu lo -vege ta t ive  
r e a c t i o n s  during t h e  sfbackward Cor io l i s "  experiment were more defined than  
those  dur ing  !'forward Cor io l i s "  experiment. Thus, i n c l i n a t i o n  o f  t h e  
head-body dur ing  stbackward Cor io l i s "  was on t h e  average 40", and dur ing  
"forward Cor io l i s "  was 24", r e s p i r a t i o n  inc reased  i n  frequency during 
"backward Cor io l i s l '  by an average of 5 ,  and during ('forward Coriol isI1 by 
2 cyc les  p e r  minute; pu l se  increased  dur ing  "backward Cor io l i s "  by 11 s t r o k e s ,  
and dur ing  "forward Cor io l i s "  by 6  s t rokes  per  minute,  and t h e  temperature 
v a r i e d  on t h e  average during "backward Cor io l i s "  by 0.7",  and by 0.4" dur ing  
"forward C o r i o l i s  . " 

The d a t a  of t h e  i n v e s t i g a t i o n  were accomplished by t h e  s i n g l e -  
s t a g e  experiment of  V. I .  Voyachek, t.he purpose being only one, namely t o  
prove g rea t e r  d e f i n i t i o n  of v e s t i b u l a r  r e a c t i o n s  during "backward Cor io l i s "  
compared t o  "forward C o r i ~ l i s , ' ~  However, we spoke e a r l i e r  about t h e  f a c t  t h a t  
accumulation o f  t h e  i n d i c a t e d  v e s t i b u l a r  s t imu la t ions  i s  p o s s i b l e  dur ing  
f l i g h t .  Therefore,  f u r t h e r  i n v e s t i g a t i o n s  were d i r e c t e d  toward s tudy  of 
v e g e t a t i v e  r e f l e x e s  a r i s i n g  upon accumulation o f  t h e  e f f e c t  of Cor io l i s  
acce bera t ion ,  ob ta ined  when t h e  body i s  s t r a igh tened  from a  backward i n c l i n e d  
p o s i t i o n  dur ing  r o t a t i o n ,  i . e .  upon accumulation of  t h e  so -ca l l ed  "backward 
C o r i o l i s  . " 

However, such an experiment i s  endured very  poorly by t e s t  s u b j e c t s  when 
repea ted ;  t h e r e f o r e ,  we decided t o  l i m i t  a c t i v e  movements dur ing  r o t a t i o n  t o  
only  s i n g l e  i n c l i n a t i o n s  o f  t h e  head from a  backward t o  v e r t i c a l  p o s i t i o n .  

This method of i n v e s t i g a t i o n ,  more s i m i l a r  t o  r e a l i t y ,  d i f f e r s  from 
proposa ls  o f  o t h e r  au thors  who have recorded t h e  ves t ibu lo -vege ta t ive  r e f l e x e s  
du r ing  i n c l i n a t i o n s  o f  t h e  head forward and t o  t h e  s i d e  [3 ,  71. 



Method 

Tes t  sub jec t s  were used i n  t h e  experiments,  who had never be fo re  
experienced v e s t i b u l a r  d i so rde r s  under normal condi t ions  (while d r i v i n g  
automobiles,  during a i r p l a n e  f l i g h t s  and s e a  t r a v e l ) .  

A t  f i r s t  i n i t i a l  con t ro l  experiments were s e t  up. Pulsopneumograns, s k i n  
temperature and persp i ra - t ion  were recorded i n  a  s t a t e  of r e s t ,  and then  t h e  
same r e f l e x e s  were detemined a f t e r  ce s sa t ion  o f  r o t a t i o n ,  c a r r i e d  out a t  a  
v e l o c i t y  o f  a  s i n g l e  r evo lu t ion  every two seconds. Vegetat ive r e a c t i o n s  were 
a l s o  recorded with t h e  s u b j e c t ' s  head i n c l i n e d  without r o t a t i o n .  The r e s u l t s  
of  t h e s e  i n v e s t i g a t i o n s  ind ica t ed  t h a t  v a r i a t i o n s  i n  temperature and 
p e r s p i r a t i o n  d id  not  begin due t o  t h e  e f f e c t  of nega t ive  a c c e l e r a t i o n  alone,  
r e s p i r a t i o n  v a r i e d ,  bu t  increased  i n  frequency by only two cyc les  p e r  minute, 
and pu l se  increased  by f o u r  s t r o k e s  p e r  minute. When t h e  head was inc l ined  
without r o t a t i o n ,  r e s p i r a t i o n ,  temperature and p e r s p i r a t i o n  remained 
unchanged, and pu l se  increased  i n  frequency by two s t r o k e s  p e r  minute,  Thus, 
we d id  n o t  a c t u a l l y  observe any c l e a r l y  expressed v e g e t a t i v e  r e a c t i o n s  during 
t h e  i n i t i a l  experiments,  i , e .  due t o  t h e  e f f e c t  of  nega t ive  a c c e l e r a t i o n  a lone  
o r  o f  i n c l i n a t i o n s  of t h e  head a lone ,  

Having obta ined  i n i t i a l  d a t a ,  we turned  t o  t h e  experiment wi th  C o r i o l i s  
a c c e l e r a t i o n ,  The t e s t  sub jec t  with head thrown back and eyes c lo sed  was 
r o t a t e d  i n  a  Barani c h a i r  a t  a  r a t e  of  one r evo lu t ion  every two seconds.  
A f t e r  t h e  sensa t ion  of  r o t a t i o n  had disappeared,  t h e  t e s t  s u b j e c t  on command 
began t o  move t h e  head from backward i n c l i n a t i o n  t o  t he  v e r t i c a l  and back, 
completing one i n c l i n a t i o n  every second, 

When s igns  of motion s i ckness  (pa leness ,  p e r s p i r a t i o n ,  e t c . )  appeared, 
t h e  experiment was stopped and record ing  was made o f  t h e  i n d i c a t e d  r e f l e x e s .  
When v i s u a l  s igns  of  motion s i ckness  were absent ,  t h e  experiment continued f o r  
10 min. Experiments were conducted on 100 s u b j e c t s  according t o  t h e  method 
descr ibed  above. 

We d iv ided  a l l  t e s t  sub jec t s  i n t o  f o u r  groups according t o  t h e  degree of 
d e f i n i t i o n  of  v i s u a l l y  determined vege ta t ive  r e a c t i o n s  a r i s i n g  i n  response t o  
accumulation of t h e  e f f e c t  of C o r i o l i s  a c c e l e r a t i o n  during continuous r o t a -  
t i o n .  

The f i r s t  group inc ludes  those  sub jec t s  i n  which ves t ibu lo -vege ta t ive  
d i s o r d e r s  appeared during t h e  f i r s t  t h r e e  minutes (paleness  and p e r s p i r a t i o n ) .  
When t h e  experiment was continued f o r  more than  t h r e e  minutes,  t h e  t e s t  
s u b j e c t s  of t h i s  group began t o  d i s p l a y  d e f i n i t e  vege ta t ive  r e a c t i o n s  (cold 
sweat,  na-usea, vomiting).  We s h a l l  c a l l  t h i s  accumulation o f  t h e  t h i r d  
degree. 

The second group included t e s t  s u b j e c t s  i n  which t h e  symptoms ind ica t ed  
above appeared dur ing  t h e  fou r th  t o  s i x t h  minute (a.ccmulation o f  t h e  second 
deg ree ) .  



The t h i r d  group cons is ted  of  s u b j e c t s  i n  which vege ta t ive  d i so rde r s  began 
dur ing  t h e  seventh t o  n i n t h  minute ( f i r s t  degree accwnulat ion) .  

And t h e  fou r th  group included s u b j e c t s  who endured t h e  e n t i r e  experiment 
f o r  10 min (zero degree accumulation).  

A s  t h e  experiments i n d i c a t e d ,  t h e r e  were 2 2  sub jec t s  with t h i r d  degree 
accumulation, 9 with second degree,  23 with f i r s t  degree and 46 with zero 
degree accumulation. Thus, ves t ibu lo -vege ta t ive  symptoms noted v i s u a l l y  / 135 
appeared i n  54% of  t h e  i n v e s t i g a t i o n s .  

When analyzing d a t a  obta ined  a s  a  r e s u l t  of recording pulsopnemograms, 
we may no te  t h a t  a  v a r i a t i o n  i n  t h e  frequency of  r e s p i r a t i o n  and pu l se  began 
i n  response t o  t h e  e f f e c t  of  accumulation of  Cor io l i s  acce l e ra t ion .  Moreover, 
an inc rease  i n  frequency o f  t h e  ind ica t ed  r e a c t i o n  was noted i n  most ca ses .  
Thus, r e s p i r a t i o n  increased  by 64%, and pu l se  increased  i n  58% o f  t h e  cases .  
A decrease  i n  frequency of  r e s p i r a t i o n  was noted i n  l 9%,  and a  decrease i n  
p u l s e  r a t e  was noted i n  13% of  t h e  cases ,  Respi ra t ion  and pu l se  r a t e s  i n  t h e  
remaining t e s t  s u b j e c t s  d i d  no t  vary  s i g n i f i c a n t l y .  

Var ia t ion  i n  r e s p i r a t i o n  and pu l se  d i d  not  always proceed s imul taneous ly ,  
Combined v a r i a t i o n  o f  pu l se  and r e s p i r a t i o n  was noted on1.y i n  42% of t h e  
cases .  

When cons ider ing  v a r i a t i o n  i n  r e s p i r a t i o n  and pulse  r a t e  i n  t h e  t e s t  
s u b j e c t s  d i sp l ay ing  va r ious  degrees of  s e n s i t i v i t y  t o  C o r i o l i s  a c c e l e r a t i o n ,  
we may no te  t h e  fol lowing:  i f  v a r i a t i o n  of r e s p i r a t i o n  and pu l se  r a t e  among 
those  inured  t o  C o r i o l i s  a c c e l e r a t i o n  (with zero degree accumulation) had no 
d e f i n i t e  uniformity and, moreover, pu l se  d i d  no t  vary  by 50%; i n  t e s t  
s u b j e c t s  d i sp l ay ing  increased  s e n s i t i v i t y  t o  C o r i o l i s  acce l e ra t ion  (second and 
t h i r d  degree accumulation),  t h e s e  v a r i a t i o n s  appeared a s  a  r u l e  i n  an i n c r e a s e  
i n  pu l se  and r e s p i r a t i o n  r a t e .  Thus, pu l se  i n  i nd iv idua l s  with t h i r d  degree 
accumulation increased  i n  91% of  t he  cases ,  and r e s p i r a t i o n  r a t e  increased  i n  
73%, t h e  degree o f  d e f i n i t i o n  o f  t h e s e  r e a c t i o n s  being s i g n i f i c a n t .  

Regarding v a r i a t i o n  i n  body temperature,  h e r e  t h e  dependence o f  t h i s  
r e a c t i o n ' s  d e f i n i t i o n  on t h e  degree of s e n s i t i v i t y  o f  t e s t  sub jec t s  t o  
C o r i o l i s  a c c e l e r a t i o n  i s  e s p e c i a l l y  no t i ceab le .  Thus, i f  a  decrease i n  
temperature among a l l  groups was noted a t  58%, temperatufe decreased by on ly  
20% i n  t h e  group with zero degree accumulation, and a  decrease i n  temperature 
was noted i n  91% of t h e  cases  i n  sub jec t s  with f i r s t ,  second and t h i r d  degree 
accumulation, t h e  e x t e n t  of decrease i n  body temperature a l so  be ing  more 
de f ined  i n  t hose  groups, reaching 1-2". An inc rease  i n  body temperature was 
noted  i n  only 11% of  t h e  cases ,  mainly i n  s u b j e c t s  with zero degree accumula- 
t i o n .  

We were unable t o  d i sce rn  s i g n i f i c a n t  d i f f e r ences  and r e g u l a r i t i e s  i n  
v a r i a t i o n  of p e r s p i r a t i o n  among groups having a  d i f f e r e n t  degree of s e n s i t i v -  
i t y  t o  Cor io l i s  a c c e l e r a t i o n .  



The d a t a  presented p e m i t  us t o  propose a  unique s tand f o r  pass ive  
t r a i n i n g  t o  t h i s  type of  acce le ra t ion .  With t h e  he lp  of t h i s  s t and  it i s  
poss ib le  t o  obta in  a  prolonged e f f e c t  of Cor io l i s  acce le ra t ion  on a t e s t  
sub jec t ,  without r e s o r t i n g  t o  a c t i v e  i n c l i n a t i o n s  of t h e  body and head, and 
consequently such t r a i n i n g  may be continued f o r  a  longer period.  

Canclusi ons 

1. Vestibulo-animal and vegeta t ive  reac t ions  it,:: t o  so -ca l l ed  '"backward -- / I36 
Cor io l i s"  a r e  more defined than thost. clue t o  "forward C ~ r i o l i s . ' ~  

2. The proposed method of inves t iga t ion  -- "backward Cor io l i su  - -  most 
nea r ly  approximates t h e  r e a l  condit ions of cosmonaut f l i g h t .  

3. This t e s t  makes it  poss ib le  t o  reveal  t h e  degree o f  v e s t i b u l a r  
s t a b i l i t y  t o  accumulation of  Cor ju l i s  acce le ra t ion ,  and t o  ob ta in  dcEined 
ves t ibulo-vegeta t ive  r e f l e x e s  i n  sub jec t s  with increased s e n s i t i v i t y  t o  t h i s  
acce le ra t ion .  
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T H E  E F F E C T  OF PROLONGED R O T A T I O N  AND C O R I O L I S  
ACCELERATIONS ON T H E  V E S T I B U L A R  FUNCTION OF MAN 

ABSTRACT.  Fourteen experiments wer conducted i n  a  r o t a t i n g  
chamber a t  a  v e l o c i t y  of 1 0  and 40 deg/sec l a s t i n g  up t o  7 
d a y s ,  Some r e s u l t s  of i nves t iga t ing  the  funct ion of the 
v e s t i b u l a r  ana lyzer  during rorat isr l  a r e  presented.  i t  i s  
proposed t h a t  prolonged r o t a t i o n  t e s t s  be used a s  d i agnos t i c  
b5>ts co determine the  to l e rance  of man t o  v e s t i b u l a r  e f f e c t s .  

The ana lyze r  function v a r i e s  s i g n i f i c a n t l y  under c ~ n d i t i o n s  o f  space 
f l i g h t .  The main r e a s w  f o r  t hese  v a r i a t i o n s ,  i n  t h e  opinion o f  most au tho r s ,  
i s  t h e  e f f e c t  of  unusual condi t ions  of  weight lessness  on t h e  organism. 

One of t h e  man i f e s t a t ions  of  ana lyzer  func t ion  dis-mption i s  development 
of s p a t i a l  orientation i l l u s i o n s  and of t h e  motion s icki lsss  syndrome. 

We know t h a t  accumulation of v e s t i b u l a r  ana lyzer  s t imu la t ions  p lays  a 
leading  r o l e  i n  t h e  genes is  o f  motion s i ckness  under ground condi t ions .  The 
assumption t h a t  t h e  v e s t i b u l a r  ana lyzer  i s  o f  no l e s s  s i g n i f i c a n c e  i n  t h e  
development o f  t h e  motion s i ckness  syndrome during space f l i g h t  i s  n a t u r a l ,  
e s p e c i a i l y  when we cons ider  d i s r u p t i o n  of i t s  func t iona l  s t a t e  under condi- 
t i o n s  o f  weight lessness ,  

One o f  t h e  most probable v e s t i b u l a r  s t i m u l i  which may occur during 
o r b i t a l  f l i g h t  i s  C o r i o l i s  a c c e l e r a t i o n ,  I t  occurs  when man moves i n s i d e  t h e  / I37  
cab in  o f  h i s  s h i p  while  t h e  l a t t e r  i s  r o t a t i n g .  Calcu la t ions  i n d i c a t e  t h a t  
t h e  phys i ca l  magnitude of t h i s  s t imulus  does not  exceed 3 . 1 0 ~ ~  g. This  
makes it necessary  t o  t r e a t  t h e  func t ion  of  t h e  v e s t i b u l z r  analyzer  very 
c a r e f u l l y  under condi t ions  o f  weight lessness ,  e s p e c i a l l y  when it i s  necessary 
t o  i n c r e a s e  t h e  load  on i t .  

The p o s s i b i l i t y  of a  s i g n i f i c a n t  i nc rease  i n  t h e  i n t e n s i t y  and d u r a t i o n  
o f  v e s t i b u l a r  s t i m u l i  i s  r e l a t e d  t o  prospec t ive  c rea t ion  of  a r t i f i c i a l  g r a v i t y  
dur ing  i n t e r p l a n e t a r y  space f l i g h t s  i n  o rde r  t o  prevent  undes i r ab le  conse- 
quences o f  t h e  prolonged s t a y  of  man under condi t ions  of  weight lessness .  

The most r e a l i s t i c  method of c r e a t i n g  a r t i f i c i a l  g r a v i t y  a t  p re sen t  i s  t o  
apply r o t a t i o n  t o  t h e  spaceship,  a s  a r e s u l t  of which a  c e n t r i f u g a l  f o r c e  
develops a t  a d e f i n i t e  r ad ius ,  which i n  t h e  opinion of t h e  amtbors of  such 
schemes, should make up f o r  t h e  g r a v i t y  l o s t .  



According t o  t h e  d a t a  s f  c e r t a i n  American au thors  [ % a ,  i n  o r d e r  t o  c r e a t e  
a r t i f i c i a l  g rav i ty  equal t o  0.25 g i n  t h i s  manner, t h e  spaceship mst be  given 
an angular  v e l o c i t y  of r o t a t i o n  of  approximately 18 deg/sec wi th in  a r ad ius  o f  
25 m .  This  r o t a t i o n a l  v e l o c i t y  i s  approximately 300 times g r e a t e r  than  t h e  
angular  v e l o c i t y  of  a spacesh ip ' s  r o t a t i o n  i n  o r b i t .  Correspondingly, 
C o r i o l i s  a c c e l e r a t i o n  i s  increased  by t h e  same amount. 

I n  connection with t h e  foregoing ,  a number of ques t ions  a r i s e s ,  on so lu-  
t i o n  o f  which w i l l  depend t h e  p o s s i b i l i t y  of  r a t i o n a l  u t i l i z a t i o n  o f  r o t a t i o n  
o f  t h e  spaceship o r  o r b i t a l  s t a t i o n s ,  F i r s t  of a l l  they  inc lude  t h e  ques t ion  
of  t h e  p o s s i b i l i t y  o f  t h e  prolonged s t a y  o f  man i n  a r o t a t i n g  system without 
detr iment  t o  h e a l t h  and work c a p a b i l i t y .  I t  i s  o f t e n  necessary  t o  determine 
opt imal  angular  v e l o c i t i e s  of r o t a t i o n  which do not  cause development of 
severe  v e s t i b u l a r  d i s rup t ions ,  and a l s o  t o  determine maximum endurable  
r o t a t i o n  v e l o c i t i e s .  

I t  was e s t ab l i shed  i n  i n v e s t i g a t i o n s  o f  Graybiel [3] and o t h e r  au thors ,  
conducted i n  a slowly r o t a t i n g  room, t h a t  r o t a t i o n  a t  a r a t e  o f  18 deg/sec 
with a 2.5-m rad ius  does not  lead  t o  d i s rup t ion  of s t a t e  of  being and work 
c a p a b i l i t y  of man during t h e  course o f  14 days. S l i g h t  v e s t i b u l a r  d i s rup-  
t i o n s ,  which d isappear  completely during t h e  f i r s t  one o r  two days,  a r e  
observed a t  t h i s  v e l o c i t y  o f  r o t a t i o n  [2].  

Rota t ion  a t  g r e a t e r  angular  v e l o c i t i e s  leads  t o  development of  t h e  
d e f i n i t e  syndrome of motion s i ckness .  Resul ts  of experiments i n  a slowly 
r o t a t i n g  room at an angular  v e l o c i t y  of 60 deg/sec and a cyc le  of  12 days 
were publ i shed  i n  one of  t h e  most r e c e n t  papers [3] .  Despi te  c a r e f u l  s e l e c -  / I38  
t i o n  o f  t e s t  s u b j e c t s ,  a l l  of them developed t h e  d e f i n i t e  syndrome of motion 
s i ckness ,  and not  one of them became adapted, These experiments permi t ted  t h e  
American au thors  t o  cons ider  a r o t a t i o n  v e l o c i t y  of  60 deg/sec w i t h i n  a small  
r ad ius  a s  t h e  maximum endurable.  In  t h e i r  op in ion ,  t h e  leading  r o l e  i n  
development o f  t h e  ind ica t ed  d i s r u p t i o n s  i s  played by t h e  v e s t i b u l a r  ana lyzer ,  
and C o r i o l i s  a c c e l e r a t i o n s  p lay  t h e  r o l e  of  s t i m u l i .  

S imi l a r  i n v e s t i g a t i o n s  were conducted i n  t h e  Sovie t  Union by a c o l l e c t i v e  
o f  authors  under t h e  d i r e c t i o n  o f  A. V. Lebedinskiy, Yu. G .  Grigor 'yev and 
M. D.  Yemeltyanov (1963-1964). The experiments were s e t  up i n  a unique 
domestic i n s t a l l a t i o n ,  t h e  "slowly revolv ing  roomtt (MVK-1) , having a r a d i u s  
o f  approximately one meter wi th  r o t a t i o n  v e l o c i t i e s  of 5.3,  10.6 and 
21.2 deg/sec and a cycle  up t o  t h r e e  days. 

The r e s u l t s  o f  t h e  i n v e s t i g a t i o n s  i n d i c a t e  t h a t  i n i t i a l  symptoms o f  
motion s ickness  begin a t  a v e l o c i t y  of  10.6 deg/sec,  and t h a t  a l l  t e s t  
s u b j e c t s  developed severe  s i g n s  of  motion s ickness  a t  a v e l o c i t y  o f  
21.2 deg/sec. Moreover, adap ta t ion  developed more s lowly,  and i n  a number of  
cases  d i d  no t  begin a t  a l l .  



Research i n  t h e  slowly revolving room i s  continuing a t  present  by a 
c o l l e c t i v e  of  s c i e n t i f i c  workers under t h e  d i r e c t i o n  o f  M .  D .  Yemel'yanov t o  
e s t a b l i s h  the  r e g u l a r i t i e s  and mechanisms of man's adapting t o  prolonged 
periods i n  a  r o t a t i n g  system under t h e  condit ion o f  h i s  a c t i v e  occupation.  

This r epor t  i s  devoted t o  analys is  of  c e r t a i n  c h a r a c t e r i s t i c s  o f  v a r i -  
a t i o n s  i n  r e a c t i v i t y  of t h e  v e s t i b u l a r  analyzer  under the  e f f e c t  of t h e  
ind ica ted  f a c t o r s .  Moreover, we s h a l l  touch upon quest ions of ob jec t ive  
ana lys i s  of man's endurab i l i ty  t o  prolonged r o t a t i o n ,  and t h e  Cor io l i s  
acce le ra t ions  which develop. 

A t o t a l  of 14 experiments were s e t  up on s i x  hea l thy  sub jec t s  d i s t i n -  
guished by a  d i f f e r e n t  degree of v e s t i b u l a r  s t a b i l i t y .  Two speeds of 
r o t a t i o n  were employed - -  10 and 40 deg/sec a t  a  cycle of  seven days. 

During t h e  experiments, observat ion was conducted of  v a r i a t i o n s  i n  
v e s t i b u l a r  r e a c t i o n  without add i t iona l  e f f e c t s ,  and a l s o  upon proport ioned 
prolonged s t imula t ion  by Cor io l i s  acce le ra t ion .  The l a t t e r  was c rea ted  by 
a c t i v e  rhythmic i n c l i n a t i o n s  of  t h e  head forward a t  t h e  r a t e  of  one movement 
p e r  second. The d i r e c t i o n  of  i n c l i n a t i o n  coincided with t h e  radius  of 
r o t a t i o n .  

Vestibulo-sensory r eac t ions  were analyzed f o r  t h e  presence o f  i l l u s o r y  
sensa t ions  of  motion and f o r  v a r i a t i o n s  i n  t h e  motion of  v i sua l  sequen t i a l  
image (B. B .  Bokhov). Electronystagmography and a  number of neurologica l  
t e s t s  were u t i l i z e d  t o  d isp lay  vest ibulo-somatic  r eac t ions .  

The vege ta t ive  component of v e s t i b u l a r  reac t ions  was s tudied  with t h e  
h e l p  of d a t a  obtained from sub jec t ive  ana lys i s  o f  t h e  s t a t e  of being,  and a l s o  / I39  
by ana lys i s  o f  v a r i a t i o n s  i n  a  number of ind ices  of  t h e  funct ional  s t a t e  of 
t h e  cardiovascular  system, ex te rna l  r e s p i r a t i o n  and galvanocutaneous r e a c t i o n .  
Moreover, observat ions were made of  the  work c a p a b i l i t y  of the  t e s t  s u b j e c t s .  

Reactions were then analyzed f o r  t h e  presence of "spontaneous" v e s t i b u l a r  
d i s o r d e r s  and f o r  v a r i a t i o n s  i n  t h e  r e a c t i v i t y  of  t h e  v e s t i b u l a r  analyzer  
during experiments on t h e  VU-2 e l e c t r i c a l l y  r o t a t i n g  cha i r .  

Experiments a t  an angular  v e l o c i t y  of 10 deg/sec had.almost no e f f e c t  on 
t h e  s t a t e  of being and work c a p a b i l i t y  of t h e  sub jec t s .  Moreover, r e a c t i o n s  
were recorded i n  them which ind ica ted  s t imula t ion  of the  v e s t i b u l a r  analyzer  
( s l i g h t  i l l u s i o n s  of swaying, ho r i zon ta l  nystagmus, d is rupt ion  of s t a t i c s ,  
e t c . ) .  A uniform decrease i n  ind ica ted  r eac t ions  with time was esbal i shed,  
which i n d i c a t e s  good a d a p t a b i l i t y  t o  t h e  loads applied.  However, a  tendency 
t o  i r r e g u l a r  pu l sa t ing  v a r i a t i o n s  i n  a  number of ind ica to r s  during a  seven-day 
experiment was noted i n  one t e s t  subjec t  (who, according t o  prel iminary d a t a ,  
was s t a b l e  t o  v e s t i b u l a r  loads) .  Af te re f fec t  r eac t ions  (severe v e r t i g o ,  
i l l u s i o n  o f  swaying a t  i n c l i n a t i o n s ,  spontaneous nystagmus, d is rupt ions  o f  
g a i t ,  a  sharply  p o s i t i v e  Ashner symptom, compensating-paradoxical r eac t ions  
dur ing  ves t ibulometr ic  inves t iga t ion )  were more sharply  defined i n  him. 



Much more sharply  expressed v a r i a t i o n s  were observed during t h e  exper- 
iments a t  an angular  r o t a t i o n a l  v e l o c i t y  of  40 deg/sec. S ix  sub jec t s  took 
p a r t  i n  t h e s e  experiments. Ves t ibular  d is rupt ions  were observed i n  a l l  of them 
r i g h t  up t o  symptoms o f  motion s ickness .  The r eac t ions  were i n t e n s i f i e d  
during movements. Moreover, t h r e e  groups of t e s t  sub jec t s  (according t o  t h e  
degree of endurance of t h e  e f f e c t s )  were revealed.  

The f i r s t  group was charac ter ized  by t h e  presence of weakly expressed 
symptoms o f  motion s ickness  and t h e i r  comparatively r a p i d  regress ion ,  begin- 
ning a t  approximately t h e  t h i r d  o r  four th  hour of t h e  experiment. The 
dynamics of v e s t i b u l a r  r eac t ions  i n  these  sub jec t s  ind ica ted  a  uniform 
decrease i n  the  e x c i t a b i l i t y  of t h e  v e s t i b u l a r  analyzer .  Work c a p a b i l i t y  was 
not  d i s rup ted  during t h e  experiment. Af te re f fec t  r eac t ions  were s l i g h t l y  
expressed, and during t h e  f i r s t  fou r  t o  f i v e  hours were subjec t  t o  r eve r se  
development. 

Inves t iga t ion  of  t h e  v e s t i b u l a r  funct ion  a f t e r  t h e  experiment revealed' a  
moderate inc rease  i n  v e s t i b u l a r  s t imula t ion  t o  angular  and Cor io l i s  acce ler -  
a t i o n s  upon emergence from t h e  SRR with preservat ion  o f  normal r e l a t i o n s h i p s  
between t h e  extent  of t h e  s t imulus and t h e  response r e a c t i o n .  Ves t ibular  
e x c i t a b i l i t y  subsequently re turned t o  i t s  i n i t i a l  l e v e l ,  and even decreased. 

The, second group was charac ter ized  by more expressed s igns  and a  longer 
per iod  of t h e  symptoms of  motion s ickness  (more than 6-7 h r ) ,  during which / 140 - 
t h e r e  was s i g n i f i c a n t  d i s rup t ion  of work capab i l i ty .  

The sub jec t s  of t h i s  group a l s o  became adapted t o  r o t a t i o n  i n  t h e  SRR 
according t o  sub jec t ive  s igns ,  but  24-30 h r  l a t e r .  According t o  ob jec t ive  
ind ica to r s  o f  t h e  s t a t e  of  t h e  v e s t i b u l a r  funct ion,  t h e  process o f  adapting 
was d is t inguished by i r r e g u l a r  pu l sa t ion ,  and according t o  c e r t a i n  s igns  
( r eac t ion  o f  sequen t i a l  image, nystagmus, galvanocutaneous r eac t ion )  adapta- 
t i o n  d id  no t  begin a t  a l l .  Af te re f fec t  r e a c t i o n s  were more sharply expressed 
and prolonged. One of t h e  sub jec t s  of t h i s  group developed a  d e f i n i t e  
syndrome of motion sickness during t h e  a f t e r e f f e c t .  

Var ia t ions  i n  v e s t i b u l a r  s t imula t ion  a r e  charac ter ized  by t h e  presence of  
paradoxical  reac t ions  t o  indiv idual  s t i m u l i ,  which may ind ica te  s i g n i f i c a n t  
d i s rup t ions  i n  the  c e n t r a l  s ec t ions  of  t h e  v e s t i b u l a r  analyzer .  On t h e  whole, 
an inc rease  i n  v e s t i b u l a r  r eac t ion  t o  angular and Cor io l i s  acce lera t ions  was 
noted. 

The t h i r d  group was charac ter ized  by development of sharply  def ined  
symptoms o f  motion sickness.  The comparatively s h o r t  dura t ion  of t h e  
experiment (up t o  24 h r )  and s i g n i f i c a n t  decrease i n  the  work c a p a b i l i t y  of 
t h e  t e s t  sub jec t s  d id  not  make it poss.ible t o  follow i n  d e t a i l  t he  dynamics of 
t h e  development of v e s t i b u l a r  d is rupt ions .  However, we may say they d i d  not  
begin adapta t ion  during t h e  experiment, n e i t h e r  according t o  sub jec t ive  nor 
ob jec t ive  s igns .  



Of p r a c t i c a l  i n t e r e s t  i s  comparison o f  i n i t i a l  d a t a  on the  degree o f  
v e s t i b u l a r  s t a b i l i t y ,  obtained when us ing  genera l ly  accepted methods f o r  
p ro fe s s iona l  sampling ( t e s t i n g  f o r  accumulation of  C o r i o l i s  acce l e ra t ions  
[1] )  with endurance of experiments i n  t h e  SRR. Agreement i s  observed only  i n  
t h e  group of  s u b j e c t s  with decreased v e s t i b u l a r  s t a b i l i t y .  In  t h e  remaining 
cases ,  t h e  r e s u l t s  of experiments i n  t h e  SRR inc lude  s i g n i f i c a n t  c o r r e c t i o n s  
upon a n a l y s i s  of v e s t i b u l a r  s t a b i l i t y  from t h e  po in t  o f  view o f  f o r e c a s t i n g  
endurance o f  prolonged r o t a t i o n ,  Tes t  sub jec t  G-e with normal v e s t i b u l a r  
s t a b i l i t y  endured t h e  experiment much b e t t e r  t han  t e s t  s u b j e c t s  N-n and G-n, 
who were analyzed a s  sub jec t s  with increased  v e s t i b u l a r  s t a b i l i t y .  

Thus, on t h e  b a s i s  of t h e  foregoing,  we may make t h e  fol lowing conclu- 
s i o n s :  

1)  prolonged s t a y  of man i n  t h e  SRR during h i s  a c t i v e  occupat ion l eads  t o  
d i s r u p t i o n s  i n  t h e  func t ion  of t h e  v e s t i b u l a r  ana lyzer ,  d e f i n i t i o n  of  which 
inc reases  a s  t h e  angular  v e l o c i t y  of  r o t a t i o n  inc reases ;  

2 )  t h e  t e s t  sub jec t s  a r e  d iv ided  i n t o  t h r e e  groups according t o  t h e  
dynamics o f  v a r i a t i o n  i n  v e s t i b u l a r  r e a c t i o n  during t h e  experiment: 

a )  t hose  with a s t e a d i l y  developing adapt a t i o n  process ;  
b )  t hose  wi th  i r r e g u l a r  f l u c t u a t i o n  r a t e  of adapta t ion ;  
c )  t hose  lacking  s igns  of adap ta t ion .  

According t o  t h i s ,  endurance of t h e  t e s t  sub jec t s  o f  prolonged r o t a t i o n  
and C o r i o l i s  a c c e l e r a t i o n s  may be analyzed a s  good, s a t i s f a c t o r y  o r  poor;  

3) i n v e s t i g a t i o n s  of t h e  v e s t i b u l a r  func t ion  during r o t a t i o n  i n  t h e  SRR 
and dur ing  t h e  a f t e r e f f e c t  may supplement p r e s e n t l y  e x i s t i n g  methods o f  
determining t h e  v e s t i b u l a r  s t a b i l i t y  of  man. 
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INVESTIGATIONS O F  SLEEP I N  MAN U N D E R  C O N D I T I O N S  
O F  P R O L O N G E D  ROTATI O N  

F. D ,  Gorbov and V .  I ,  Myasnikov 

ABSTRACT. Rotation of t e s t  sub jec t s  a t  an angular  ve loc i ty  
of 10 deg/sec over a period of days had no s i g n i f i c a n t  
e f f e c t  on the  q u a l i t y  of nocturnal s l eep .  Rela t ive ly  
supe r f i c i a l  s l eep  was determined by f a c t o r s  of a circumstan- 
t i a l  nature (uncomfortable bed, temperature discomfort ,  
v ib ra t ions ,  e t c .  ) r a the r  than by r o t a t  ion. Seven-day 
ro ta t ion  a t  the  same veloc i ty  decreased the depth of s l eep  
(according t o  E E G  da ta )  without d is rupt ing  we1 1 being. 

Symptoms of space motion s ickness ,  noted during t h e  f l i g h t  of some Soviet  
cosmonauts ind ica te  t h a t  weightlessness a s  a complex pathogenic f a c t o r  may 
cause t h e  phenomenon of v e s t i b u l a r  discomfort i n  a number of cases.  I t  i s  
known from published d a t a  t h a t  ves t ibulo-vegeta t ive  d i so rde r s ,  combined under 
the  concept of motion s ickness ,  have r e su l t ed  i n  d e t e r i o r a t i o n  o f  t h e  s t a t e  
of  being and a decrease i n  t h e  work c a p a b i l i t y  of crew members of spaceships 
[4, 51. Many authors  f e e l  t h a t  t h e  most e f f e c t i v e  means of preventing harmful 
e f f e c t s  of  weightlessness on an organism i s  t o  c r e a t e  sh ips  with a r t i f i c i a l  
g rav i ty ,  which may be achieved with t h e  he lp  of r o t a t i n g  spaceships [12]. 
However, i n  t h i s  case Cor io l i s  acce lera t ions  w i l l  a c t  on t h e  crew members [6 ] .  
The experimental i nves t iga t ions  of  Graybiel,  Clark and Z a r r i e l l o  [8,  101 
ind ica ted  t h a t  when humans s t a y  i n  a room r o t a t i n g  a t  a v e l o c i t y  of 
5-10 revolu t ions  pe r  minute, they develop symptoms of motion s ickness .  In t h e  
l i t e r a t u r e  ava i l ab le  t o  u s ,  we have not  found da ta  on t h e  e f f e c t  of  motion 
s ickness  on t h e  s l e e p  of an as t ronaut  o r  t e s t  s u b j e c t ,  o the r  than  information 
presented i n  the  paper of Yu. G .  Grigor'yev and col leagues [ I ] .  I n  connection 
with t h i s  we f e l t  it expedient t o  s tudy the  c h a r a c t e r i s t i c s  of  s l eep  i n  man 
during prolonged r o t a t i o n  i n  a slowly r o t a t i n g  room (SRR) a t  a s t r i c t l y  
proportioned r a t e  of angular r o t a t i o n  acce lera t ion  and dura t ion .  

Met hod 

The inves t iga t ions  were conducted with p a r t i c i p a t i o n  o f  f i v e  hea l thy  /142 
s u b j e c t s  of d i f f e r e n t  ages i n  a SRR [ l ]  with an angular  v e l o c i t y  of  10 and 
40". Duration o f  r o t a t i o n  va r i ed  within t h e  limits of one t o  seven days.  The 
c h a r a c t e r i s t i c s  of experiments with r o t a t i o n  i n  which inves t iga t ions  were 
c a r r i e d  out on s l e e p  a r e  presented i n  the  t a b l e .  

Duration of  s l eep ,  according t o  the  order  of t h e  day, was 8 h r .  Two a i r  
mat t resses  were arranged as  beds by t h e  t e s t  sub jec t s  on a r o t a t i n g  platform 
p a r a l l e l  t o  each o the r  on both s ides  of the  axis  of r o t a t i o n .  The p o s i t i o n  of 



t h e  s u b j e c t s  dur ing  s l e e p  was such t h a t  t h e  head and f e e t  were loca ted  nea r  
t h e  o u t e r  edge o f  t h e  r o t a t i n g  p la t form.  

CHARACTER l ST l CS OF E X P E R  l MFNTS W l  TH ROTAT l O N  ( 1  965) 

Test Date 
subject 

I 

Duration of 
Rota tion, 

days 

Study of Slee r;vy tation, 1 Be.- 4 b r i n g  [After . 

xperime exper- experi- 
deg iment ment 

The d a t a  from ques t ion ing  and r e s u l t s  o f  medical observa t ion ,  r e s u l t s  
of e lec t roencephalographic  s t u d i e s  of  t h e  b i o e l e c t r i c  a c t i v i t y  o f  t h e  b r a i n ,  
and d a t a  of  experimental  s tudy  of  t h e  depth of s l e e p  were u t i l i z e d  a s  a n a l y s i s  
c r i t e r i a .  

Each t e s t  sub jec t  was i n s t r u c t e d  t o  g ive  a  s u b j e c t i v e  a n a l y s i s  of  s l e e p  
dur ing  r o t a t i o n ,  and t o  record t h e  r e s u l t s  i n  a notebook of  s e l f -obse rva t ions  
wi th  d e t a i l e d  c h a r a c t e r i s t i c s  of depth of  s l e e p ,  c h a r a c t e r i s t i c s  o f  dreams, 
speed of  f a l l i n g  a s l eep  and waking up, e t c .  

The EEG was recorded from symmetrical s ec t ions  of t h e  head with a  b i p o l a r  
( f r o n t a l - o c c i p i t a l )  l e a d .  Recording was c a r r i e d  out  i n  darkness dur ing  t h e  
e n t i r e  n i g h t  every 15 min. 

The b a s i s  f o r  experimental s tudy  of t h e  depth of s l e e p  was t h e  p r i n c i p l e  
o f  "physiological  probing,"  which cons i s t ed  i n  t he  f a c t  t h a t  t h e  frequency of  - / I 4 3  
a sound s i g n a l  causing a  "wakeup r e a c t i o n , "  v a r i a t i o n  i n  t h e  EEG p a t t e r n  
dur ing  t h e  e f f e c t  of  acous t i ca l  s t imu la t ion  o r  dur ing  i t s  a f t e r e f f e c t  and t h e  
appearance of t h e  galvanocutaneous r e f l e x  (GCR) were ca l cu la t ed .  Pure tones 
of d i f f e r e n t  frequency, appl ied  d i s c r e t e l y  i n  sequence of 12,000, 11,000, 
10,000, ..., 4,000, 3,000 and 2,000 Hz, were u t i l i z e d  as  a  s t imulus .  The 
a c o u s t i c a l  s i g n a l s  were appl ied  from a ZG-33 audiogenerator  every 10-15 s e c  
with v i b r a t i o n  l a s t i n g  3-5 sec .  



Resul t s  of the  Experiment 

Control led s tudy o f  s l e e p  was c a r r i e d  out i n  a  s p e c i a l  chamber, i s o l a t e d  
from e x t e r n a l  sources of  l i g h t  and no i se ,  on each of t he  f i v e  t e s t  s u b j e c t s  
b e f o r e  t h e  experiment i n  t h e  SRR. I t  was determined as a  r e s u l t  o f  t h e s e  
i n v e s t i g a t i o n s  t h a t  t h e  condi t ions  of  t h e  experiment had a  d e f i n i t e  e f f e c t  on 
t h e  s l e e p  of  t h e  t e s t  s u b j e c t s ,  d i s r u p t i n g  t h e  process  of  f a l l i n g  a s l e e p  and 
d e t e r i o r a t i n g  t h e  q u a l i t y  of  noc turna l  s l e e p .  This  was ind ica t ed  by t h e  d a t a  
from conversat ions with t h e  s u b j e c t s ,  r e s u l t s  o f  s tudying  t h e  b i o e l e c t r i c  
a c t i v i t y  o f  t h e  b r a i n ,  and experimental s tudy  of t h e  depth of  noc tu rna l  s l e e p .  
The d i f f i c u l t y  of f a l l i n g  a s l e e p  and poor s l e e p  was, i n  t h e  opinion o f  t h e  
t e s t  s u b j e c t ,  caused by t h e  presence of an unusual ly l a r g e  amount of  
e l ec t rodes  a t t ached  t o  t h e  body and by r e a l i z a t i o n  t h a t  one i s  i n  an  exper- 
imental chamber and i s  be ing  observed without i n t e r r u p t i o n .  The l a t t e r  was 
t h e  sub jec t  of  emotional experiences and t h e  reason f o r  dreams. For 
example, sub jec t  G-n A. V . ,  r e l a t i n g  t h e  content  of  h i s  dream, r epo r t ed  t h a t  
'Isomeone e n t e r s  and says :  'Don't  s l e e p ,  everything i s  t r ans lucen t  h e r e ,  you 
a r e  be ing  s tudied!" '  A more d e t a i l e d  d e s c r i p t i o n  of  noc turna l  s l e e p  i n  t h e  
chamber was given by s u b j e c t  K-n M .  P .  on 21 Apr i l  1965 : ". . . I d id  n o t  f a l l  
a s l eep  r i g h t  away because of t h e  unaccustomed high p i l low and t h e  presence 
of t h e  e l e c t r o d e s .  However, I s l e p t  soundly without dreaming f o r  t h e  f i r s t  
h a l f  o f  t h e  n i g h t .  I awoke once dur ing  t h e  n i g h t  (he doesn ' t  i n d i c a t e  t h e  
r ea son) ,  a f t e r  which I could no t  f a l l  a s l eep  f o r  a  long time: I was d i s -  
t r a c t e d  by t h e  knot of  t h e  bandage a t t a c h i n g  t h e  e l e c t r o d e s  t o  my head, and 
n o i s e  from t h e  f a n  ope ra t ing  (when t h e  a i r  touched t h e  p i l l ow,  it seemed t h a t  
t h e  bed gave t h e  sound o f  t h e  f a n  some kind of  over tone) .  I d o n ' t  remember 
when I f e l l  a s l eep .  Toward morning I dreamed something n e u t r a l  i n  conten t .  I 
awoke immediately a f t e r  t h e  ' r e v e i l l e '  s i g n a l .  I s l e p t  we l l .  I f e l t  f i n e  
a f t e r  s leep ."  

Study of  t h e  EEG during t h e  process  of f a l l i n g  a s l e e p  ind ica t ed  t h a t  t h e  
dynamics of t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  b r a i n  o f  t h e  t e s t  s u b j e c t s  was 
cha rac t e r i zed  by a  gradual  decrease i n  t h e  amplitude and index of  dominating 
rhythm with subsequent a l t e r a t i o n  of  t h e  EEG p a t t e r n  (Figure 1 ) .  

A s  can be  seen from t h e  f i g u r e ,  t h e  b i o e l e c t r i c  a c t i v i t y  of t h e  b r a i n  of  / I44  
sub jec t  K-n M. P .  was cha rac t e r i zed  be fo re  beginning o f  s l e e p  by t h e  presence 
o f  an a rhythm with a  frequency of 10 o s ~ i l l a t i o n s  pe r  second and an 
amplitude t o  75 pv on t h e  EEG. The a rhythm index was 87%. Within 10 min 
a f t e r  t h e  l i g h t  was switched o f f  i n  t h e  chamber, a  gradual  decrease  i n  t h e  
amplitude and index o f  a rhythm was observed. Subsequently,  t h e  dominating 
rhythm was rep laced  by an i n d e f i n i t e  one, with gradual  i nc rease  in .  t h e  number 
and amplitude of  slow EEG components, u n t i l  t h e  l a t t e r  assumed t h e  cha rac t e r  - /145 
of a  "s leept '  curve (wi th in  60 min a f t e r  sounding of t h e  s i g n a l ) .  

B i o e l e c t r i c  a c t i v i t y  of  t h e  b r a i n  during s l e e p  was d i s t i ngu i shed  by 
i r r e g u l a r i t y  of  t h e  EEG p a t t e r n ,  when t h e  per iods  o f  i n d e f i n i t e  rhythm of  low 
amplitude wi th  t o t a l  absence of  dominating frequency were rep laced  by per iods  
o f  slow a c t i v i t y .  
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Figure 1 .  Dynamics of t h e  B i o e l e c t r i c  Ac t iv i ty  of 
t h e  Brain of Subject K-n During the Process of 
Fall  ing Asleep. 1 ,  EEG -- f r o n t a l - o c c i p i t a l  , l e f t ;  
2 ,  EEG --  f r o n t a l - o c c i p i t a l ,  r i g h t ;  3 ,  Oculogram; 
a ,  EEG recorded during s t imu la t ion ;  b ,  c, d and 
e ,  EEG recorded during f a l l i n g  a s l eep  w i t h i n  30, 40, 
50 and 60 min, r e spec t ive ly ,  a f t e r  sounding of t he  
s igna l  

Experimental i n v e s t i g a t i o n  of t h e  depth of s l e e p  ind ica t ed  t h a t  acoust-  
i c a l  s t i m u l i  app l i ed  on t h e  background of  i n d e f i n i t e  rhythm caused a  
r e a c t i o n  of  waking up wi th  a  frequency of t h e  acous t i ca l  s i g n a l  o f  12,000- 
9,000 Hz ,  and when t h e r e  were d i f f u s e d  slow waves on t h e  EEG, v a r i a t i o n s  of  
c o r t i c a l  rhythm developed t o  sound, s h i f t e d  i n  t h e  d i r e c t i o n  of  lower frequen-  
c i e s  (8,000 Hz and below), i . e . ,  upon an inc rease  i n  t h e  l e v e l  of t h e  n a t u r a l  
loudness o f  sound (during s l eep )  by 2-2.5 t imes .  Curves o f  t h e  depth o f  s l e e p  
were obta ined  as  a r e s u l t  of t hese  i n v e s t i g a t i o n s  (Figure 2 ) .  



Thus, c i r cums tan t i a l  f a c t o r s  had a s i g n i f i c a n t  e f f e c t  on t h e  nervous- 
psychic sphere o f  t h e  s u b j e c t s ,  causing, i n  c e r t a i n  cases ,  emotional t ens ion ,  / I46 
ind iv idua l  expression of  which was determined by a number of c ircumstances,  i n  
p a r t i c u l a r  by typo log ica l  and cha rac t e ro log ica l  p r o p e r t i e s  of  t h e  p e r s o n a l i t y .  
I t  would not  be  necessary  t o  dwell  on t h e  s i g n i f i c a n c e  of t h i s  c ircumstance,  
i f  we d id  not  ~ o n s i d e r  t h e  f a c t  o f  s l e e p  d i s r u p t i o n  i n  t e s t  s u b j e c t s  i n  t h e  
chamber and anamnestic d a t a ,  according t o  which t h e  condi t ions  o f  work 
a c t i v i t y  o f  t h e  s u b j e c t s  i n  t h e  p a s t  were very  s i m i l a r  (be ing  on duty,  
d e t a i l s ) ,  a s  a r e s u l t  of which, i n  t h e i r  opinion,  t hey  acquired i n  one degree 
o r  another  h a b i t s  o f  broken s l e e p ,  s l e e p  i n  a no i sy  and unaccustomed s i t u -  
a t i o n ,  uncomfortable p o s i t i o n ,  e t c .  

As can be  seen i n  t h e  curve, phases o f  deep 
and s u p e r f i c i a l  s l e e p  in te rchange ,  t h e  depth of 

Hz s l e e p  of  t h e  sub jec t  i nc reas ing  toward morning. 
Deviat ion of t h e  curve from t h e  "standard"l was 
caused, i n  our  opinion,  by a number of 
reasons - -  on the  one hand, d e t a i l s ,  be ing  on 
duty ,  and p a r t i c i p a t i o n  i n  marches accustomed t h e  
sub jec t  t o  broken s l e e p ,  and on t h e  o t h e r  hand, 

4000 - t h e  r e l a t i v e l y  shallow depth of  s l e e p  dur ing  t h e  

Rotat ion during t h e  day a t  an angular  v e l o c i t y  o f  10 deg/sec d id  no t  
cause d i s rup t ion  i n  ' the q u a l i t y  of  s l eep .  Re la t ive ly  s u p e r f i c i a l  s l e e p  a t  
n i g h t  was caused not  by r o t a t i o n  as  an adequate s t imulus  of t h e  v e s t i b u l a r  
appara tus ,  b u t  by f a c t o r s  of  c i r cums tan t i a l  na tu re  -- uncomfor tab i l i ty  of  t h e  
bed, temperature discomfort ,  v i b r a t i o n s ,  e t c .  

2000 

A normal curve, according t o  Kohlschiit ter [13], i s  cha rac t e r i zed  by r a p i d  
f a l l i n g  a s l e e p  and an inc rease  i n  t h e  depth of s l e e p ,  reaching a maximum 
wi th in  1-1.5 h r  a f t e r  beginning of  s l eep ,  a f t e r  which t h e r e  i s  a more o r  l e s s  
s equen t i a l  t r a n s i t i o n  t o  s u p e r f i c i a l  s l e e p .  

0 t 2 3 4 5 7  some cases  t h e  e f f e c t  of c i r cums tan t i a l  f a c t o r s  
Hours of the day was so  sharp ly  def ined ,  t h a t  some s u b j e c t s ,  f o r  

example, G-le R .  R.  and G-n A .  V. were almost 
Figure 2 .  Curve of t he  unable t o  f a l l  a s l eep  dur ing  t h e  e n t i r e  n i g h t .  
Depth For example, an i n d e f i n i t e  rhythm with a n  
of Subject  R-v i n  a amplitude of  b i o e l e c t r i c  p o t e n t i a l s  w i th in  l i m i t s  
Specia 1 Chamber. o f  10-20 pv was recorded i n  t h e  EEG of  s u b j e c t  

G-le R. R . ,  recorded a t  var ious  per iods  o f  s l e e p  
(Figure 3 ) .  Reaction o f  waking up i n  t h e  form of  b u r s t s  o f  a rhythm of 
d i f f e r e n t  degrees of d e f i n i t i o n  and dura t ion  developed i n  response t o  
a c o u s t i c a l  s i g n a l s  of 12,000-11,000 H z .  

- 

I I I I I , ,  

f i r s t  h a l f  o f  t h e  n i g h t  was caused by t h e  e f f e c t  
o f  c i r cums tan t i a l  f a c t o r s  of  t h e  experiment.  I n  
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Lack of def ined  symptoms o f  s t imu la t ion  of t h e  v e s t i b u l a r  ana lyze r  dur ing  
seven-day r o t a t i o n ,  on t h e  con t r a ry ,  did not  provide occasion t o  confirm t h a t  
r o t a t i o n  a s  a pathogenic f a c t o r  d i d  not  occur.  Despi te  t he  r e l a t i v e l y  good 
s t a t e  of being and q u a l i t y  of  noc turna l  s l e e p  (according t o  t h e  t e s t  sub- 
j e c t s ) ,  a t  d i f f e r e n t  per iods  from t h e  beginning o f  r o t a t i o n  they  d isp layed  
paradoxical  EEG r e a c t i o n s .  Applicat ion of  acous t i ca l  s t i m u l i  i n  a  sequence 
provided by t h e  method o f  i n v e s t i g a t i o n  caused i n h i b i t i o n  of c o r t i c a l  rhythm 
i n  t h e i r  a f t e r e f f e c t ,  t h e  degree of i n h i b i t i o n  be ing  increased  i n  p ropor t ion  
t o  t h e  decrease  i n  frequency o f  t h e  a c o u s t i c a l  s i g n a l .  Regarding EEG 
r e a c t i o n s  t o  t h e  f a c t  i t s e l f  o f  applying s t imulus ,  i t s  p a t t e r n  t o  sound 
o f  d i f f e r e n t  frequency b a r e l y  changed (upon v i s u a l  a n a l y s i s )  compared t o  t h e  
i n i t i a l  EEG curve (Figure 4 ) .  Whether t he  presence of paradoxica l  r e a c t i o n s  
was caused by v a r i a t i o n  i n  t he  depth o f  s l e e p  a s  a  r e s u l t  o f  r o t a t i o n  i s  
d i f f i c u l t  t o  say ;  however, s i m i l a r  dynamics o f  t he  b i o e l e c t r i c  a c t i v i t y  o f  t h e  
b r a i n  i n  t h e  s u b j e c t s  dur ing  con t ro l l ed  s t u d i e s  o f  s l e e p  i n  t he  chamber was 
n o t  observed. They were a l s o  not  observed during subsequent days of r o t a t i o n .  

A s  an a d d i t i o n a l  i n d i c a t o r  of t h e  depth of s l e e p ,  t h e  percentage 
r e l a t i o n s h i p  o f  i n d e f i n i t e  rhythm and slow a c t i v i t y  i n  t h e  EEG recorded a t  
var ious  t imes of  t h e  experiment was s t u d i e d .  I t  t u rned  out  t h a t  i n  a  
p e r c e n t i l e  r e l a t i o n s h i p ,  i n d e f i n i t e  rhythm has  a  tendency t o  i nc rease  i n  
propor t ion  t o  r o t a t i o n .  

EEG process ing  ind ica t ed  t h a t  of 50-57 min of t h e  t o t a l  t ime o f  
recording,  t h e  i n d e f i n i t e  rhythm i n  sub jec t  G-le R .  R.  occupied 86% dur ing  
t h e  f i r s t  and 90% during t h e  s i x t h  n ight  of t h e  experiment,  while  slow 
a c t i v i t y  was only  5.5 and 4%, r e s p e c t i v e l y .  I n d e f i n i t e  rhythm i n  s u b j e c t  
N-n A. M . ,  compared t o  t h a t  of  s u b j e c t  G-le R .  R . ,  was 76.5% dur ing  t h e  second 
and 85.0% during t h e  seventh n igh t  of r o t a t i o n ,  and slow a c t i v i t y ,  on t h e  / 149 - 
o t h e r  hand, diminished from 20.0 t o  14.0%. Thus, t h e  r e l a t i o n s h i p  of  i nde f -  
i n i t e  rhythm and slow a c t i v i t y  i n  t h e  EEG a s  an index of t h e  depth of s l e e p  
i n d i c a t e s  t h a t  noc turna l  s l e e p  of  t h e  s u b j e c t s  during a seven-day experiment 
with r o t a t i o n  was r e l a t i v e l y  s u p e r f i c i a l .  This agrees  with d a t a  of o t h e r  
authors  [2 ,  7, 111, i n  t h e  opinion of which deep s l e e p  of man i s  cha rac t e r i zed  
by t h e  presence of  d i f fused  slow waves on t h e  EEG. 

Rotat ion of s u b j e c t s  i n  t h e  SRR a t  an angular  v e l o c i t y  of 40" had a  
s e r ious  e f f e c t  on the  organism. The. s u b j e c t s  developed ves t ibu le -vege ta t ive  
d i so rde r s  wi th  subsequent development of  phenomena of  f a t i g u e ,  t h e  degree of  
which, d e s p i t e  i nd iv idua l  d i f f e r e n c e s ,  depended on t h e  per iod  of  r o t a t i o n  from 
t h e  moment of t h e i r  appearance and u n t i l  beginning of  s l e e p .  Fat igue,  
appearing s u b j e c t i v e l y  a s  a  s ensa t ion  of  t i r e d n e s s ,  was obviously,  i n  conjunc- 
t i o n  with t h e  above enumerated f a c t o r s ,  one o f  t h e  reasons f o r  s l e e p  
d i s r u p t i o n  from t h e  po in t  of  view of  both i t s  depth,  and i t s  du ra t ion .  The 
depth of  s l e e p ,  i nc reas ing  r a p i d l y ,  soon decreased,  and became s u p e r f i c i a l  and 
s e n s i t i v e  with f requent  i n t e r r u p t i o n s ,  e s p e c i a l l y  dur ing  t h e  f i r s t  n igh t .  A s  
an example, l e t  u s  c i t e  a  po r t ion  o f  a  s imul tmeous  EEG record ing  of  s u b j e c t s  
G-le R.  R.  and R-v E.  V. during t h e  f i r s t  day o f  r o t a t i o n  (Figure 5 ) .  A s  i s  
obvious i n  Figure 5 ,  t h e  EEG's o f  sub jec t s  w i th in  an hour a f t e r  " taps t '  (a) 



d i f f e r e d  s i g n i f i c a n t l y  from 
each o t h e r  not  only i n  
frequency, bu t  i n  t h e  
amplitude o f  b i o p o t e n t i a l s  . 
0 and 6 rhythm wi th  an 
amplitude o f  i nd iv idua l  waves 
t o  80-90 pv i s  recorded i n  
t h e  EEG o f  s u b j e c t  R-v E .  V .  
(1) , while  a j agged rhythm o f  
low amplitude i s  observed i n  
t h e  EEG (2)  o f  s u b j e c t  
G-le R.  R. B i o e l e c t r i c  
a c t i v i t y  o f  t h e  b r a i n  o f  t h e  

{+ 
9000 HZ same s u b j e c t s ,  but  recorded 

4 h r  (b) a f t e r  beginning o f  
s l e e p ,  d i f f e r  i n  t h e i r  low 

8UGV HZ jagged rhythm, t y p i c a l  f o r  
shallow s l e e p  o r  t h e  pe r iod  
of  f a l l i n g  a s l eep  [9] .  

Figure 4.  Paradox1 ca l  E E G  Reaction of the 
Cerebral Cortex of Subject  G-le During Sleep 
t o  t he  Second Day of Rotation i n  the S R R .  
a ,  E E G  recorded during s t i m u l a t i o n ;  b ,  E E G  
recorded during s l e e p  and before  app l i ca t ion  
of acous t i ca l  s t imulus ;  c ,  Dynamics of  bio-  
e l e c t r i c  a c t i v i t y  of the b ra in  t o  acous t ica l  
s t imu l i  during s l e e p ;  1 ,  Stimulus marker; 
2 ,  E E G ,  f r o n t a l - o c c i p i t a l  , l e f t  

However, d e s p i t e  i t s  
r e l a t i v e l y  shallow depth ,  
s l e e p  had a  favorable  e f f e c t  
on t h e  well  -being of t h e  
s u b j e c t s  and on t h e i r  work 
c a p a b i l i t y .  Def in i t i on  of 
ves t ibu lo -vege ta t ive  d i s rup -  
t i o n s  a f t e r  s l e e p  diminished 
sharp ly ,  and movements of  t h e  
s u b j e c t s  became f r e e r  and 
t h e i r  a p p e t i t e  improved, 
which i n  t u r n  was r e f l e c t e d  
i n  t h e  q u a l i t y  of  s l e e p  on 
subsequent n i g h t s .  S leep  
dur ing  t h e  second day was 
deeper than  during t h e  f i r s t  
n i g h t ,  bu t  more shal low than  
during t h e  t h i r d  day o f  t h e  
experiment. 

A s  an example we can 
c i t e  no te s  from t h e  notebook 
of  s u b j e c t  G-n A.  V . ,  who, 
during t h e  f i r s t  day o f  
r o t a t i o n ,  d i sp layed  a  poor 
a p p e t i t e ,  heaviness  i n  t h e  
p i t  of t h e  stomach, urges  t o  
t o  vomit, increased  p e r s p i -  
r a t i o n  and v e r t i g o .  



Despite  t h i s ,  "I f e l l  a s l eep  r a p i d l y ,  bu t  on t h e  whole I s l e p t  poor ly  - -  I 
awoke t h r e e  t o  four  t imes during t h e  n igh t  ( I  have t h e  impression t h a t  I am 
not  s l eep ing  b u t  simply dreaming). I f e e l  b e t t e r  i n  t h e  morning, and f e e l  no 
unpleasant  s ensa t ions .  Af t e r  b r e a k f a s t ,  t h e  heaviness  i n  t h e  p i t  o f  t h e  
stomach appeared, b u t  passed wi th in  about 3-4 h r .  I  s l e p t  somewhat b e t t e r  t h e  
second n i g h t  - -  I f e l l  a s l eep  immediately and d i d  not awaken during t h e  n i g h t .  
The next  morning, I awoke from t h e  s i g n a l  of t h e  experimenter.  I  experienced 
no unpleasant  s ensa t ions ,  n e i t h e r  during t h e  morning no r  during t h e  day. The 
t h i r d  n i g h t  I s l e p t  soundly, and even s l e p t  through r e v e i l l e  (according t o  
t h e  order  of t h e  day) f o r  15 min." 

Figure 5 .  Dynamics o f  the B ioe l ec t r i ca l  Ac t iv i ty  of t he  
Brain During Sleep of Subjects  R-v (1)  and G-le (2 )  
During the  F i r s t  Day of  Rotation i n  the  S R R  a t  an 
Angular Velocity of 40". a  and b ,  EEG's recorded w i  t h i n  
1 and 4 h r ,  r e spec t ive ly ,  a f t e r  t aps ;  c ,  Frontal-  
o c c i p i t a l ,  l e f t  

I t  was determined from t h e  experiments conducted t h a t  r o t a t i o n  a t  an 
angular  v e l o c i t y  of 40" caused ves t ibu lo -vege ta t ive  d i s rup t ions  s i m i l a r  t o  
motion s i ckness  i n  some t e s t  s u b j e c t s ,  and s l e e p  had an a l l e v i a t i n g  e f f e c t  on 
t h e  s e v e r i t y  of t h e s e  d i s rup t ions .  

This  is  obviously explained by t h e  f a c t  t h a t  during s l e e p  e x c i t a b i l i t y  
of t h e  nerve c e l l s  of t h e  v e s t i b u l a r  analyzer  a t  a l l  l e v e l s  o f  t h e  r e f l e x  
curve diminishes sharp ly .  Moreover, r e s t r i c t i o n  of  motor a c t i v i t y  dur ing  
s l e e p  almost t o t a l l y  excludes t h e  e f f e c t  o f  C o r i o l i s  acce l e ra t ions  a s  an 
adequate s t imulus  of  t h e  v e s t i b u l a r  ana lyzer ,  and weakenihg of t h e  muscles 
which provide an a c t i v e  p o s i t i o n  of t h e  body dur ing  va r ious  p o s i t i o n s  and 
movements of s u b j e c t s  during waking hours ,  and t h e  l a b y r i n t h  appara tus  
r e spons ib l e  f o r  br inging  abour t o n i c  r e f l e x e s  i s  r e l eased .  These circum- 
s t ances  i n  t h e  f i n a l  a n a l y s i s  r e s u l t e d  i n  a  decrease i n  t h e  s e v e r i t y  of 
ves t ibu lo -vege ta t ive  d i so rde r s ,  and i n  an improvement i n  wel l-being and work 
c a p a b i l i t y  of t h e  s u b j e c t s .  Without going i n t o  d e t a i l s  of d i scuss ing  t h e  
c e n t r a l  mechanisms of t h e  a l l e v i a t i n g  e f f e c t  of s l e e p  on development of 



v e g e t a t i v e  d i so rde r s  during r o t a t i o n ,  it should be s a i d  t h a t  obviously t h e  
l a t t e r  i s  r e l a t e d  t o  r e s t r i c t i o n  of motor a c t i v i t y  and weakening of the  / I 5 1  
p o s t u r a l  muscles, and a l s o  t o  a  decrease  i n  v e s t i b u l a r  " r e a c t i v i t y "  during 
s l e e p .  A l l  t h i s  no t  only r e f l e c t s  t h e  complex process  of adapt ing  t o  
prolonged,  i n  p a r t i c u l a r ,  v e s t i b u l a r  e f f e c t s ,  bu t  it a l s o  i n d i c a t e s  ways of 
developing methods of r e g u l a t i n g  s l e e p  under t h e  ind ica t ed  cond i t i ons .  

Conclus ions 

1. Ci rcumstant ia l  f a c t o r s  of  t h e  experiment d i s r u p t  t h e  q u a l i t y  o f  
noc tu rna l  s l e e p  and t h e  process  of f a l l i n g  a s l eep  (according t o  EEG d a t a  and 
experimental  s tudy  of t h e  depth o f  s l e e p ) .  

2. Rotat ion a t  an angular  v e l o c i t y  of 10" over a  per iod  of  days has  no 
s u b s t a n t i a l  e f f e c t  on t h e  q u a l i t y  of noc turna l  s l e e p .  Re la t ive ly  s u p e r f i c i a l  
s l e e p  i s  determined not  by r o t a t i o n ,  bu t  by c i r cums tan t i a l  f a c t o r s  - -  an 
uncomfortable bed, temperature discomfort ,  v i b r a t i o n ,  e t c .  

3. Seven-day r o t a t i o n  a t  an angular  v e l o c i t y  of 10" has a  d e f i n i t e  
e f f e c t  on t h e  s l e e p  o f  t e s t  s u b j e c t s ,  decreasing i t s  depth (according t o  EEG 
d a t a )  without  d i s r u p t i n g  well-being.  

4 .  Rotat ion o f  s u b j e c t s  a t  a  v e l o c i t y  of  40" r e s u l t s  i n  ves t ibu lo -  
v e g e t a t i v e  d i s o r d e r s  and development of f a t i g u e .  Sleep has a  favorable  e f f e c t  
on t h e  s e v e r i t y  of  ves t ibu lo -vege ta t ive  d i s o r d e r s ,  wel l-being and work 
c a p a b i l i t y  of t e s t  s u b j e c t s .  

REFERENCES 

Arlashchenko, N .  I . ,  B .  B .  Bokhov, V. Ye. Busygin, N .  A .  Volokhova, 
Yu. G. Grigor 'yev, B .  I .  Polyakov and Yu. V.  Farber ,  Byull .  Eksperim. 
Bio l .  i Med. , No. 8,  p.  28, 1963. 

Gulyayev, P. I . ,  F i z i o l .  Zh. SSSR, Vol. 41, No. 2 ,  p .  168, 1955. 
Megun, G . ,  Bodrstvuyushchiy Mozg [The Wide-Awake Brain] ,  Moscow, Nauka 

P res s ,  1965. 
Yuganov, Ye. M . ,  Aviatsionnaya i Kosmicheskaya Medits ina [Aviat ion and 

Space Medicine], p .  496, Moscow, 1963. 
Yazdovskiy, V ;  I .  and M. D .  Yemel'yanov, Problemy Kosmicheskoy B i o l o g i i  

[Problems of Space Biology],  p .  80, Moscow, Nauka Press ,  1964. 
Bergere t ,  P . ,  Atomes, Vol. 76, p .  218, 1952. 
Blake, H . ,  R.  Gerard and N .  Kleitman, J. Neurophysiol. ,  Vol. 2, No. 1, 

p .  48, 1939. 
Clark,  B .  and A.  Graybiel ,  J. Aerospace Ned., Vol. 32, p .  93, 1961. 
Dement, W . ,  EEG and Clin.  Neurophysiol. ,  Vol. 10,  p .  291, 1958. 
Graybiel ,  A . ,  B .  Clark and J .  Z a r r i e l l o ,  Arch. Neurol. ,  Vol. 1, No. 3,  

p .  55, 1960. 



11. Loomis, A . ,  E.  Harvey and G .  Hobart ,  J. Exper. ~ s y c h o l . ,  Vol. 21, p.  127, 
1937. 

1 2 .   may^, A . ,  Astronaut. Soc.,  Vol. 6 ,  No. 13,  p. 111, 1961. 
13. Kohlschut te r ,  F . ,  Z. Rat.  Med., p.  17, 1863. 



SOME DYNAMIC I N D I C A T O R S  OF T H E  V E S T I B U L A R  ANALYZER 
UNDER T H E  E F F E C T  OF C O R l O L I S  A C C E L E R A T I O N  

V .  G .  S t r e l e t s ,  V .  1 .  Kopanev, V. M, Babiyak 
and S. V .  Zhadovskaya 

ABSTRACT.  The e f f e c t  of prolonged C o r i o l i s  a c c e l e r a t i o n s  on 
rated a t h l e t e s  was s tud ied .  Vegetative r eac t ions ,  and a l s o  
s h i f t s  i n  s t a t i c  and dynamic equi l ibr ium,  pos t - ro t a t iona l  
nys tagmus and dynamomet ry were recorded. Groupi ng accord i ng 
t o  profess iona l  a f f i l i a t i o n  ( f ly ing  o r  technica l  personnel )  
did not  reveal any s u b s t a n t i a l  d i f f e r ences  between the groups. 

One of t h e  important problems of  a v i a t i o n  and space medicine i s  t h e  s tudy  / I52 
o f  t h e  e f f e c t  on man o f  long-ac t ing  angular  a c c e l e r a t i o n s ,  which under 
s p e c i f i c  condi t ions  cause t h e  phenomenon o f  accumulation, manifested by 
sensory,  animal and v e g e t a t i v e  d i s o r d e r s .  

The e f f o r t s  of  some Sovie t  and fo re ign  au thors ,  s tudying t h e  i n t e r a c t i o n  
of  a f f e r e n t  systems under condi t ions  of increased s t i m u l a t i o n  o f  t h e  v e s t i b -  
u l a r  ana lyzer ,  i n d i c a t e  t h a t  h y p e r e r g i s t i c  s t imu la t ions  which develop i n  it 
a r e  capable of  d i s r u p t i n g  t h e  a c t i v i t y  of o t h e r  ana lyzers ,  and a l s o  var ious  
pa tho log ica l  r e f l e x e s  on t h e  p a r t  o f  t h e  v e g e t a t i v e  nervous system. 

Most contemporary papers ,  devoted t o  t h e  problem of t h e  e f f e c t  of long- 
a c t i n g  angular  a c c e l e r a t i o n s  on t h e  v e s t i b u l a r  ana lyzer ,  concern t h e  vegeta-  
t i v e  a spec t ,  whi le  s t i l l  i n s u f f i c i e n t  a t t e n t i o n  i s  given t o  t h e  quest ion about 
t h e  e f f e c t  of t h i s  s t imulus  on t h e  ves t ibu lo-somat ic  func t ion  o f  t h e  ana lyzer .  
Moreover, t h i s  very  aspec t  of  t h e  a c t i v i t y  o f  t he  analyzer  (on condiJion of  
ves t ibu lo -vege ta t ive  s t a b i l i t y )  i s  most important i n  t h e  f l y i n g  p ro fe s s ion ,  
s i n c e  a l l  purposeful  motor a c t s  o f  t h e  p i l o t  and e s p e c i a l l y  of t h e  as t ronaut  
i n  unsupporting space a r e  determined by t h e  s t a b i l i t y  and adequacy of  r eac -  
t i o n s  of t h e  vest ibulo-animal  sphere ,  

On t h e  b a s i s  of  t h e  foregoing,  we undertook complex i n v e s t i g a t i o n ,  
a n a l y s i s  of t h e  r e s u l t s  o f  which p r imar i ly  concerns t h e  vest ibulomotor  
func t ion  of t h e  organism. 

A model of long-act ing angular  acce l e ra t ions ,  which change d i r e c t i o n  
unceas ingly ,  were C o r i o l i s  acce l e ra t ions  developing during five-minute uniform 
c i r c u l a r  r o t a t i o n  of  a t e s t  sub jec t  (one r evo lu t ion  every 2 sec )  and simul- 
taneous i n c l i n a t i o n s ,  a t  a frequency o f  one i n c l i n a t i o n  -- s t r a i g h t e n i n g  every 
4 s e c  [2].  



The following physiological  i n d i c a t o r s  were recorded: 
a) pulse frequency and the  magnitude o f  a r t e r i a l  pressure  f o r  t h e  

vege ta t ive  nervous system; 
b) ind ica to r s  of pedography, ichnography and the  phenomenon o f  r e s idua l  

bending of t h e  head were determined with t h e  he lp  of a  s a g g i t a l  i n d i c a t o r  of  
t h e  v e r t i c a l  pos i t ion  of  t h e  head f o r  systems which con t ro l  body equil ibr ium 
during orthograde standing and i n  motion ( the  v e s t i b u l a r  and propr iocept ive  
analyzers) .  

The method o f  pedography i s  based on determination of the  s t a b i l i t y  with / I53  
-I 

regard t o  constant  f l u c t u a t i o n s  of t h e  cen te r  of  g rav i ty  of t h e  human body 
under condit ions of  n a t u r a l  comfortable s tanding.  The pedograph i s  con- 
s t r u c t e d  on t h e  p r i n c i p l e  of  an i n t e g r a t o r  of  o s c i l l a t i o n s  which emits ready 
information on t h e  degree of s t a b i l i t y  which has developed during a segment o f  
s p e c i f i c  time (usual ly  not  l e s s  than 20 sec ,  but  not  more than t h e  slowest 
o s c i l l a t i o n s  [ l ] ) .  

Ichnography i s  a  method based on determination of body equil ibr ium during 
walking, and determines t h e  angle of i n c l i n a t i o n ,  o r  t h e  "spread of  t h e  g a i t , "  
from an average l i n e .  

Determination of r e s idua l  bending of t h e  head cons i s t s  i n  recording t h e  
angle of i n c l i n a t i o n  from t h e  s a g i t t a l  plane a f t e r  one o r  seve ra l  o s c i l l a t o r y  
movements of  t h e  head i n  t h e  f r o n t a l  p lane .  

Rotat ional  and pos t - ro ta t iona l  nystagmus were determined from sepa ra te  
i n d i c a t o r s ,  s p e c i f i c  f o r  t h e  v e s t i b u l a r  analyzer ,  by t h e  electronystagmography 
method and dura t ion  of  t h e  i l l u s i o n  o f  counter ro ta t ion .  The v e l o c i t y  o f  
uniform r o t a t i o n  was 20 deg/sec and t h e  dura t ion  was 60 sec.  

The i n d i c a t o r  of muscular-tonic funct ion  was carpal  dynamometry; along 
with t h i s ,  physiological  tremor was a l s o  recorded, f o r  which a seismograph was 
used i n  combination with an amplifying and recording device of an ink-wri t ing 
electromyograph. 

Analysis of  motor a c t i v i t y  was accomplished by t h e  la tency per iod  of 
motor r eac t ion  t o  sounds of varying i n t e n s i t y .  The t e s t  of  c r i t i c a l  frequency 
of  fus ing  l i g h t  f l a shes  (CFFLF) was employed t o  determine t h e  s t a t e  o f  t h e  
v i s u a l  analyzer .  The e n t i r e  complex of inves t iga t ions  was c a r r i e d  out both 
before  and a f t e r  v e s t i b u l a r  loading. 

The authors  f e l t  i t  f e a s i b l e  t o  present  only the main assumptions of t h e  
inves t iga t ion ,  and t o  make the  most e s s e n t i a l  conclusions from them. 

Seventy-one sub jec t s  were s tudied ,  of  them 32 were f l i g h t  and 39 were 
t echn ica l  personnel.  A l l  were a t h l e t e s  of c l a s s  I and I1 i n  var ious  s p o r t s .  
The study was conducted during spor t ing  competitions. The purpose of 
including a t h l e t e s  i n  the  group o f  t e s t  s u b j e c t s  was t o  determine the  e f f e c t  



o f  spor t s  on t h e  adapta t ion  funct ion  of the  phys io logica l  systems being 
s tud ied  during t h e  prolonged e f f e c t  of angular  acce le ra t ions  on t h e  v e s t i b u l a r  
analyzer .  

According t o  t h e  inves t iga t ions  of  V. G .  S t r e l e t s  [4] and o t h e r  authors ,  
of g rea t  importance i n  r a i s i n g  t h e  profess ional  s k i l l s  of p i l o t s  a r e  phys ica l  
exe rc i ses  conducted under ground condit ions,  and namely such of t h e  more / 154 
dynamic s p o r t s  as baske tba l l ,  gymnastics, soccer ,  e t c .  

The e f f e c t  of a t h l e t i c  t r a i n i n g  was r e f l e c t e d  i n  increas ing  t h e  s t a b i l i t y  
o f  t h e  v e s t i b u l a r  analyzer  and i n  f i n e  d i f f e r e n t i a t i o n s  of t h e  motor- 
coordinat ion s k i l l s  o f  t h e  proprioceptive system. 

Data of t h e  i n v e s t i g a t i o n  indica ted  t h a t  a s  a  r e s u l t  of v e s t i b u l a r  
s t imula t ions ,  22 sub jec t s  displayed d i s t i n c t  symptoms of motion s ickness ,  
which made it  necessary t o  c u r t a i l  s t imula t ion  before  t h e  end of the  period. ,  
Personnel having an uns tab le  ves t ibulo-vegeta t ive  system ( the  motion s ickness  
syndrome) were divided according t o  types of s p o r t  i n  t h e  following manner: 
6 of 20 baske tba l l  p layers  (30%), 2 of 11 gymnasts (18%), 9 of  22 soccer  
p l aye r s  (41%), 1 o f  5  v o l l e y b a l l  p layers  (20%), 2 of 6 t r ack  a t h l e t e s  (33%), 
and 2  of 7 swimmers (28%). 

Analysis of  t h e  r e s u l t s  o f  t h i s  study ind ica ted  t h a t  a f t e r  v e s t i b u l a r  
s t imula t ion  a  more d i s t i n c t  s h i f t  of  vege ta t ive  ind ica to r s  developed i n  
b a s k e t b a l l  p l aye r s ,  gymnasts and soccer p layers  -- t h e r e  was an inc rease  i n  
a r t e r i a l  pressure  and a  drop i n  pulse r a t e .  

The CFFLF and dynamometry ind ica to r s  decreased i n  soccer  and baske tba l l  
p l aye r s ,  and t h e  la tency period of motor r e a c t i o n  increased.  After  s t imula-  
t i o n ,  some d i s rup t ion  i n  t h e  funct ion of  equil ibr ium i n  t h e  orthograde 
p o s i t i o n  was noted i n  soccer  and baske tba l l  p l aye r s ,  t r a c k  a t h l e t e s  and 
v o l l e y b a l l  p layers ;  t h i s  funct ion  remained unchanged i n  swimmers, and 
improved i n  gymnasts . 

Ichnography detec ted  d e t e r i o r a t i o n  of equil ibr ium i n  soccer ,  baske tba l l  
and vo l l eyba l l  p layers ,  and it was unchanged i n  gymnasts, swimmers and t r ack  
a t h l e t e s .  

The r e s u l t s  given above i n d i c a t e  t h a t  extreme s t imula t ion  of the  v e s t i b -  
u l a r  analyzer  by an adequate s t imulus causes s i g n i f i c a n t  s h i f t s  i n  var ious  
systems of t h e  organism, which may be r e f l e c t e d  i n  t h e  work capaci ty  of t h e  
human who i s  under the  given condit ions.  On t h e  o t h e r  hand, ana lys i s  o f  t h e  
r e s u l t s  obtained f o r  a t h l e t e s  i n  various s p o r t s  indica ted  t h a t  t h e  g r e a t e s t  
s h i f t s  i n  s t a t i c  and dynamic equil ibr ium, and a l s o  i n  CFFLF, dynamometry and 
motor r eac t ion  were noted i n  baske tba l l ,  soccer  and vo l l eyba l l  p layers  and 
t r a c k  a t h l e t e s .  

However, it must be noted t h a t  from t h e  poin t  of view of  s t a t i s t i c a l  
ana lys i s ,  t h e  grouping according t o  types  of s p o r t s  used, due t o  t h e  small  



number of sub jec t s  i n  t h e  d i f f e r e n t  groups, diminishes the  r e l i a b i l i t y  of 
d i f f e rences  between t h e s e  groups according t o  t h e  ind ica to r s  s tud ied .  
Therefore, ana lys i s  o f  electronystagmography d a t a  was c a r r i e d  out  wi th  respect  
t o  t h e  whole aggregate of observat ions (71 s u b j e c t s ) ,  and a l so  f o r  groupings 
by s u c c e p t i b i l i t y  t o  motion s ickness  and p ro fess iona l  a f f i l i a t i o n .  

Grouping according t o  profess ional  a f f i l i a t i o n  ( f ly ing  and t echn ica l  / 155 
personnel) d i d  not  reveal  any s i g n i f i c a n t  d i f f e rences  between t h e s e  groups, 
i . e .  v a r i a t i o n s  i n  nystagmographic and o the r  s i g n s  discovered were almost 
uniformly d i s t r i b u t e d  among t h e s e  groups. This i s  apparently explained by t h e  
f a c t  t h a t  f l i g h t  school cadets ,  due t o  t h e i r  b r i e f  f l y i n g  experience (on t h e  
average not more than  100 f l i g h t  hours) ,  i n  e f f e c t  had not  y e t  acquired 
s u f f i c i e n t l y  high profess ional  s k i l l s  t o  a f f e c t  condit ioning of t h e  v e s t i b u l a r  
funct ion .  On t h e  o t h e r  hand, involvement i n  s p o r t s  cont r ibuted  t o  equa l i z ing  
t h e  degree of t r a i n i n g  of t h e  v e s t i b u l a r  analyzer  between both groups. 

Training according t o  s u s c e p t i b i l i t y  t o  mot ion s ickness  (see t a b l e )  is  
s p e c i f i c  f o r  nystagmographic i n d i c a t o r s ,  s ince  under given condi t ions  t h e  
common ref lexogenic  source f o r  both vegeta t ive  r e f l e x e s  a s  wel l  a s  f o r  
nystagmus and t h e  i l l u s i o n  of counter ro ta t ion  a r e  the  receptors  of t h e  semi- 
c i r c u l a r  canals .  

Analysis o f  nystagmography and t h e  dura t ion  o f  the  i l l u s i o n  of counter-  
r o t a t i o n  i n d i c a t e  t h e  following. 

1. Duration of postnystagmus both before  and a f t e r  accumulation exceeds 
t h e  dura t ion  o f  t h e  i l l u s i o n  of counter ro ta t ion  by more than twice. This 
d i f f e rence  is  v a l i d  f o r  both  groups. Comparison of d a t a  with r e s u l t s  of  t h e  
inves t iga t ion  conducted e a r l i e r  i n d i c a t e s  t h a t  t h e  dura t ion  o f  i l l u s i o n  i n  
unt ra ined  personnel  i s  almost co inc identa l  with t h a t  of  postnystagmus. 

2 .  D u r a ~ l o n  of r o t a t i o n a l  nystagmus exceeds t h a t  of p o s t - r o t a t i o n a l  
nystagmus (before accumulation) i n  subj  e c t s  who endure well v e s t i b u l a r  
s t imula t ion  f o r  an average o f  8.3 sec ;  i n  sub jec t s  with motion s ickness  
symptoms, t h i s  d i f f e rence  was no t  s o  grea t  and i s  s t a t i s t i c a l l y  u n r e l i a b l e .  

3 .  After  s t imula t ion ,  a l l  sub jec t s  displayed equal iza t ion  of  t h e  length 
of r o t a t i o n a l  and pos t - ro ta t iona l '  nystagmus. 

4. The frequency of nystagmus due t o  t h e  e f f e c t  of  s t imula t ion  d i d  not  
vary s i g n i f i c a n t l y ;  t h e  amplitude of r o t a t i o n a l  nystagmus has  t h e  tendency t o  
decrease a f t e r  the  accumulation t e s t ,  t h e  d i f f e rence  reaching an average of  
1.9' f o r  a l l  sub jec t s .  

5. S i g n i f i c a n t  d i f ferences  between t h e  amplitude of  nystagmus and pos t -  
nystagmus i s  not  noted before  accumulation. 

Af te r  accumulation, t h e r e  is a tendency toward predominance of  t h e  
amplitude o f  pos t - ro ta t iona l  nystagmus. This v a r i a t i o n  i n  p i l o t s  i s  
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i n s i g n i f i c a n t ,  i n  technic ians  the  d i f f e rence  i s  1 .5" ,  bn those sub jec t  t o  
motion s ickness  it i s  2.3", and it i s  i n s i g n i f i c a n t  i n  those not sub jec t  t o  
motion s ickness .  

Thus, t h e  f a c t s  given above i n d i c a t e  s p e c i f i c  v a r i a t i o n s  i n  t h e  r e f l e x  
a c t i v i t y  of t h e  ampullar r ecep to r ,  which develop due t o  the  prolonged e f f e c t  
of angular  acce le ra t ions .  

The most t y p i c a l  f o r  t h e  t e s t  sub jec t s  with s t a b l e  analyzer funct ion  was / I57 
t h e  predominance of t h e  dura t ion  of r o t a t i o n a l  over pos t - ro ta t iona l  nystagmus. 
A s i g n i f i c a n t  l a g  i n  t h e  dura t ion  of  counter ro ta t ion  i l l u s i o n  compared t o  
dura t ion  of postnystagmus was common f o r  a l l  t e s t  s u b j e c t s .  Least v a r i a b l e  
were such parameters of nystagmus as  frequency and amplitude, 

Concl us i on 

The dynamics of i n d i c a t o r s  of experiments on equil ibr ium, dynamometry, 
tremorography, determinat ion of CFFLF and t h e  la tency period of motor reac-  
t i o n ,  which develops under prolonged e f f e c t  of angular  acce le ra t ions  on an 
organism, i n d i c a t e s  a  d i f f e r e n t  e f f e c t  o f  t h e  l a t t e r  on t h e  mechanisms of 
i n t e g r a t i n g  t h e  v e s t i b u l a r  analyzer i n  t h e  system o f  t h e  cerebrum, v i s u a l ,  
audi tory  and propriocept  ive  analyzers .  

Specia l  i nves t iga t ion  of  the  dynamics of c e r t a i n  ind ica to r s  of  v e s t i b u l a r  
nystagmus and dura t ion  of  counter ro ta t ion  i l l u s i o n  made it poss ib le  t o  
e s t a b l i s h  t h e  phenomenon of d i s soc ia t ion  of  dura t ion  of r o t a t i o n a l  and pos t -  
r o t a t i o n a l  nystagmus i n  sub jec t s  with a  s t a b l e  ves t ibulo-vegeta t ive  region ,  
which i s  r e l a t e d  t o  t h e  adaptat ion funct ion  of  t h e  analyzer .  

The s i g n i f i c a n t  lag  i n  dura t ion  of  counter ro ta t ion  i l l u s i o n  from corre-  
sponding postnys tagmus, t y p i c a l  f o r  a t h l e t e s ,  i nd ica te s  t h a t  due t o  t r a i n i n g ,  
t h e  most def ined  temporary s h i f t s  occur i n  t h e  c o r t i c a l  a c t i v i t y  o f  t h e  
analyzer ,  which apparently has a  d i r e c t  r e l a t i o n s h i p  t o  the  r egu la to ry  
mechanisms of t h e  l a t t e r .  

On t h e  whole, d a t a  of t h e  given inves t iga t ion  have again demon- 
s t r a t e d  t h e  e f fec t  of t h e  v e s t i b u l a r  analyzer  on t h e  funct ion  of  o t h e r  
a f f e r e n t  systems. 
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ON THE PROBLEM OF D E V E L O P M E N T  OF LATENT FORMS OF 
MOT l ON S  l CKNESS 

A. N .  Petrov 

ABSTRACT. Motor responses t o  l i g h t  s igna l s  were studied in 
77 sub jec t s  w i t h  the help of a  special  device mounted on a  
two-beam swing. The time of complex sensory motor r eac t ions ,  
t h e  amount of information perceived and processed and the 
capacity of the  visual analyzer were determined. S t a t i s t i c a l  ly 
r e l i a b l e  va r i a t ion  of the indica tors  determined was revealed 
i n  seven subjec ts  w i t h  the absence of v i s i b l e  s igns of motion 
s ickness .  

Some inves t iga to r s  [ l ,  3, 41 have s t a t e d  t h e  p o s s i b i l i t y  of  development /158 
of so-ca l led  l a t e n t  forms of  motion s ickness ,  t h e  c h a r a c t e r i s t i c  f e a t u r e  of 
which i s  the  absence of t h e  usual  vegeta t ive  symptoms (nausea, ve r t igo ,  
vomiting), but  a t  t h e  same time deviat ions i n  t h e  a c t i v i t y  o f  a  number of  
systems and organs of  man a re  observed. These deviat ions o f t en  a r e  not  
e s s e n t i a l l y  r e f l e c t e d  i n  well-being, but  may be r e f l e c t e d  i n  work capaci ty ,  
by decreasing i t .  Especial ly grea t  a t t e n t i o n  must be  given t o  the  appearance 
of such forms of  motion sickness when s e l e c t i n g  f l i g h t  personnel.  

The requirement f o r  quan t i t a t ive  analys is  of  the  work capacity o f  man 
under condit ions s i m i l a r  t o  the  a c t i v i t y  o f  one operat ing an a i r c r a f t  a r i s e s .  
Unfortunately, t e s t s  used a t  present  t o  evaluate the  work capacity o f  man 
cannot completely s a t i s f y  the  inves t iga to r ,  because they hardly r e f l e c t  the  
r e a l  s t r u c t u r e  of  the  work process.  Three main elements may be d is t inguished 
i n  the  a c t i v i t y  of a  p i l o t  i n  f l i g h t ,  a s  i n  cont ro l  of  any o t h e r  c r a f t :  

1) rece iv ing information from t h e  machine (readings of various i n s t r u -  
ments) i s  a  sensory function of cont ro l ;  

2)  processing t h e  information obtained and making decisions i n  con t ro l -  
l i n g  the  machine is  an i n t e l l e c t u a l  function of  cont ro l ;  

3) con t ro l l ing  ac t ions  toward the  machine a r e  motor functions o f  cont ro l  
C21. 

I t  i s  necessary t o  f ind  such methods of  analyzing work a c t i v i t y ,  i n  a  
s i n g l e  complex o f  which would be given the  c h a r a c t e r i s t i c s  of a l l  t h r e e  
elements of opera tor  a c t i v i t y  ( the  p i l o t )  i n  con t ro l l ing  t h e  c r a f t .  We have 
attempted i n  t h i s  paper t o  f ind  and c l a s s i f y  such c r i t e r i a  with the  he lp  of  
c e r t a i n  elements of information theory.  



Motor responses t o  l i g h t  s i g n a l s  were taken a s  t h e  b a s i s  of  the  model o f  
human a c t i v i t y .  Moreover, we proceeded on t h e  f a c t  t h a t  such a model 
approximates t o  some degree human a c t i v i t y  near  a con t ro l  panel ,  i n  p a r t i c u l a r  
t h e  a c t i v i t y  o f  a p i l o t ,  when he i s  requi red  t o  make t h e  necessary  d e c i s i o n s ,  
and correspondingly t o  c a r r y  out  s p e c i f i c  motor manipulations i n  response t o  
t h e  l i g h t  s i g n a l s  o f  h i s  instruments  ( f l a s h e s  o f  s i g n a l  lamps). 

For t h i s  purpose, a s p e c i a l  instrument  was mounted on two-beam Khilov /159 - 
swings. D i f f e ren t  co lored  l i g h t s ,  each o f  which t h e  sub jec t  had t o  ex t ingu i sh  
immediately i n  a s p e c i f i c ,  p r ev ious ly  assigned manner ( f o r  example, by a 
swi tch  arranged i n  t h e  r i g h t  o r  l e f t  hand, o r  i n s t a l l e d  under t h e  f o o t  i n  t h e  
form of  a p e d a l ) ,  burned on l i g h t  panels  pos i t i oned  i n  f r o n t  o f  t h e  eyes of  
t h e  t e s t  s u b j e c t .  Reaction time from t h e  moment o f  t h e  lamp f l a s h  u n t i l  i t s  
be ing  ex t inguished ,  and a l s o  cor rec tness  o f  t h e  manner o f  ex t inguish ing  it 
were recorded on t h e  t a p e  of  a loop osc i l l og raph .  A c t i v i t y  of t h e  s u b j e c t s  
du r ing  t h i s  was eva lua ted  according t o  t h r e e  p o i n t s :  

1) t h e  t ime o f  complex sensory motor r e a c t i o n  ( the  r eac t ion  of  choice) ;  

2) t h e  amount of  information suppl ied  i n  t h e  form of  l i g h t  s i g n a l s  
perce ived  and processed;  

3) t h e  e x t e n t  of  v i s u a l  ana lyzer  capac i ty .  

According t o  a prev ious ly  arranged program, t h e  t e s t  s u b j e c t  was supposed 
t o  ex t ingu i sh  each burning lamp according t o  t h e  s p e c i f i c  method f o r  it. I n  
t h e  case o f  i n c o r r e c t  se1ect ion. i .n  t h e  manner of  ex t inguish ing ,  t h e  erroneous 
response was a l s o  recorded on t h e  t a p e  of a loop osc i l l og raph .  The t ime o f  
t h i s  r e a c t i o n  was c a l c u l a t e d  as  t h e  speed of  s e l e c t i o n  r e a c t i o n .  The amount 
o f  information perce ived  and processed cons i s t ed  of  t h e  t o t a l  amount o f  
c o r r e c t  and erroneous responses t o  t h e  l i g h t  f l a s h e s .  I f  t h e r e  were no e r r o r s  
t h e  information was maximum, and i f  t h e r e  were i n c o r r e c t  responses t h e  amount 
of information decreased correspondingly. In  t h e  case o f  i n c o r r e c t  responses,  
information equaled zero.  Calcu la t ion  o f  t h e  amount of  information perce ived  
and processed was accomplished by Shannon's formula I = t log2p, and t h e  

amount of  information was ca l cu la t ed  i n  b i t s .  

We assumed t h a t  t h e  t ime of  complex sensory motor r e a c t i o n  c h a r a c t e r i z e s  
t h e  speed of psychic processes  o f  man, and t h e  amount of  information perce ived  
and processed,  depending on t h e  number o f  c o r r e c t  and erroneous dec i s ions ,  
c h a r a c t e r i z e s  t hose  processes  from t h e  q u a l i t a t i v e  a spec t .  I t  was necessary  
t o  have another  i n d i c a t o r  which would combine t h e  two enumerated t e s t s  i n  a 
s i n g l e  complex, i . e .  would make it p o s s i b l e  t o  eva lua t e  t h e  amount of  inform- 
a t i o n  received and processed i n  t ime. This  i n d i c a t o r  was capac i ty  --  a va lue  
express ing  t h e  r a t i o  of information t o  t h e  time during which t h i s  information 
was perce ived  and processed.  Capacity was ca l cu la t ed  by t h e  formula C = I / t ,  
where I i s  t h e  amount of information ( i n  b i t s ) ,  and t i s  t h e  t ime i n t e r v a l  ( i n  
s ec )  during which t h i s  information i s  perceived and processed.  



I t  i s  obvious from t h e  formula t h a t  capaci ty  depends on t h e  time of  ' 

complex reac t ion  and on the  number of e r r o r s  committed by t h e  t e s t  s u b j e c t .  
The capaci ty  of  the  v i s u a l  analyzer  was c a l c u l a t e d  by our method. Moreover, 
t h e  fewer e r r o r s  committed by t h e  t e s t  sub jec t  and the  s h o r t e r  t h e  t ime of / 160 
complete sensorymotor r eac t ion ,  t h e  h igher  was capaci ty,  and v i c e  ve r sa .  

I t  follows from t h e  da ta  presented t h a t  t h e  t e s t s  which we used may t o  
some extent  cha rac te r i ze  q u a n t i t a t i v e l y  t h e  s t a t e  of man's work capaci ty .  
When work capaci ty  decreases,  t h e  number o f  erroneous ac t ions  inc reases ,  t h e  
time of complex sensory motor r eac t ion  lengthens,  and the  amount of informa- 
t i o n  received and processed and capaci ty  decrease.  As work capaci ty  
improves, t hese  ind ica to r s  vary i n  t h e  r eve r se  d i r e c t i o n .  

In  our  paper we s e t  t h e  goal o f  s tudying how these  values vary under 
condit ions of experimental motion s ickness .  During the  course of t h e  exper- 
iment t h e  time of complex sensory motor r e a c t i o n  and t h e  amount of information 
perceived and processed were determined i n  a  sub jec t  i n  a  calm s t a t e ,  and t h e  
value of v i s u a l  analyzer  capaci ty  was ca lcu la t ed .  These ind ica to r s  were 
subsequently determined during motion s ickness  and cumpared with con t ro l  
values obtained before rocking. 

Seventy-seven sub jec t s  were s tud ied .  Rocking was continued u n t i l  
d e f i n i t e  ves t ibulo-vegeta t ive  reac t ions  (paleness,  v e r t i g o ,  nausea and 
vomiting) appeared i n  t h e  sub jec t s .  I n  case t h e r e  were no appearances o t  
motion s ickness ,  t he  swaying was stopped a f t e r  60 min. 

Determination of work capaci ty  during rocking was accomplished i n  
uns table  t e s t  sub jec t s  with t h e  appearance of  t h e  f i r s t  unpleasant sensa t ions  
( s l i g h t  nausea, s l i g h t  v e r t i g o ) ,  and i n  t h e  remaining ( s t ab le )  sub jec t s  -- a t  
t h e  t h i r t i e t h  t o  f o r t i e t h  minute of  rocking. 

In  accordance with t h e  r e s u l t s  obtained,  a l l  t e s t  subjec ts  could be 
divided i n t o  two main groups: those r e s i s t a n t  t o  prolonged re s t imula t ion  of  
t h e  o t o l i t h i c  region of  the  v e s t i b u l a r  apparatus and those  who were uns table .  
The f i r s t  group included 33 sub jec t s  (43%), and t h e  second group included 
44 sub jec t s  (57%).  Personnel of t h e  f i r s t  group displayed no ex te rna l  indica-  
t i o n s  of  motion sickness during t h e  60 min of  rocking (and i n  some cases  f o r  a  
longer pe r iod) ,  and they made no complaints of  d e t e r i o r a t i o n  of well-being. 
Subjec ts  of t h e  second group, as  a r u l e ,  displayed d e f i n i t e  vege ta t ive  
symptoms (paleness,  cold sweat, increased  s a l i v a t i o n  and vomiting) during t h e  
f i r s t  25-30 min of rocking. The sub jec t s  of  t h i s  group complained o f  v e r t i g o ,  
headache and nausea. We es t ab l i shed  very d e f i n i t e  ( s t a t i s  t i c a l l y  r e l i a b l e )  
lengthening of  t h e  time of complex sensory motor r eac t ion  and a decrease i n  
t h e  amount of information perceived and processed, and i n  the  capaci ty  of  t h e  
v i s u a l  analyzer  i n  sub jec t s  of t h e  second group. We expected t h a t  motion 
s ickness  i n  sub jec t s  of  t h e  second group should cause d i s t i n c t  d i s rup t ion  of 
work capaci ty .  Therefore, o f  g rea t  i n t e r e s t  was inves t iga t ion  of sub jec t s  of 
t h e  f i r s t  group, who displayed no ex te rna l  ind ica t ions  o f  motion s i ckness ,  
according t o  t h e  t e s t s  which we se lec ted .  Inves t iga t ion  of  t h e  work capaci ty  



i n  s u b j e c t s  of  t h e  f i r s t  group ind ica t ed  t h a t  26 of 33 s u b j e c t s  d i sp l ayed  no 
s t a t i s t i c a l l y  r e l i a b l e  v a r i a t i o n s  i n  t h e  t ime o f  complex r e a c t i o n ,  t h e  amount 
o f  information perceived and processed and t h e  va lue  o f  v i s u a l  ana lyzer  
capac i ty ,  i . e .  work capac i ty  hard ly  v a r i e d .  A t  t h e  same t ime,  i n  seven 
s u b j e c t s  who lacked e x t e r n a l  i n d i c a t i o n s  of motion s i ckness ,  we determined a  
s t a t i s t i c a l l y  r e l i a b l e  i nc rease  i n  t h e  t ime of  complex sensory motor r e a c t i o n  
by 13% (p < 0.02) and a  decrease  i n  t h e  va lue  of  v i s u a l  ana lyzer  capac i ty  by 
19% (p < 0.05) .  The amount of information perce ived  and processed i n  t h e  
s u b j e c t s  ha rd ly  va r i ed ,  although t h e r e  was some tendency f o r  it t o  decrease  
(observed v a r i a t i o n s  were no t  s t a t i s t i c a l l y  r e l i a b l e )  (p > 0.05) .  Thus, t h e  
so -ca l l ed  l a t e n t  form of  motion s ickness  was observed i n  seven s u b j e c t s  (out 
o f  77 t e s t e d ,  i . e .  approximately 10% o f  t h e  c a s e s ) .  Moreover, it should b e  
emphasized t h a t  a  decrease  i n  work capac i ty  developed mainly due t o  an 
inc rease  i n  t h e  t ime of  complex sensory motor r e a c t i o n  and, t o  a  l e s s e r  
e x t e n t ,  due t o  erroneous responses t o  given s i g n a l s .  These d a t a  permit us  t o  
conclude t h a t  i n  t h e  l a t e n t  forms o f  motion s i ckness  t h e  speed o f  psychic  
processes  s u f f e r s  p r imar i ly ,  while  no deep q u a l i t a t i v e  v a r i a t i o n s  expressed i; 
d i s r u p t i o n  o f  s t imulus  d i f f e r e n t i a t i o n  develop. One may assume t h a t  r e t a r -  
d a t i o n o f  t h e  speed of  complex r e a c t i o n  i s  t h e  i n i t i a l  phase of l a t e n t  forms of  
motion s i ckness ,  which precedes deeper d i s rup t ions  of  t h e  complex coord ina t ing  
and d i f f e r e n t i a t i n g  a c t i v i t y  of  man. The l a t t e r  may apparent ly  b e  developed 
upon more prolonged per iods  of  s t imu la t ing  t h e  v e s t i b u l a r  appara tus .  

Conclusions 

1. The t ime o f  complex sensory motor r e a c t i o n ,  t h e  amount o f  information 
supp l i ed  i n  t h e  form of l i g h t  s i g n a l s  perceived and processed,  and t h e  va lue  
o f  v i s u a l  ana lyzer  capac i ty  may c h a r a c t e r i z e  t h e  s t a t e  of human work capac i ty  
i n  t h e  q u a n t i t a t i v e  sense.  

2. So-ca l led  l a t e n t  forms o f  motion s i ckness ,  i n  which d e f i n i t e  
o b j e c t i v e  symptoms (vege ta t ive  d i s o r d e r s )  and d i s r u p t i o n  of  work capac i ty  a r e  
l ack ing ,  develop i n  some s u b j e c t s  (approximately 10%) under condi t ions  of 
experimental  s t i m u l a t i o n  of  t h e  o t o l i t h i c  system. 

3. D e t e r i o r a t i o n o f w o r k  c a p a c i t y u n d e r c o n d i t i o n s o f s t i m u l a t i n g t h e  - /162 
v e s t i b u l a r  appara tus  f o r  an hour occurs  mainly due t o  a  decrease i n  t h e  speed 
of motor r e a c t i o n s ,  and t o  a  l e s s e r  degree due t o  erroneous r e a c t i o n s .  
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ON THE l N T E R R E L A T  IONSH l P OF THE FUNCT l ONAL T O L E R A N C E  
O F  THE V E S T I B U L A R  A N A L Y Z E R  A N D  THE STATE OF 

A R T E R I A L  PRESSURE D U R I N G  MOTION S l CKNESS 

D .  A .  Pigulevskiy and M .  I .  Nikol'skaya 

ABSTRACT. The e f f e c t  of the  tenfold o t o l i t h i c  t e s t  on 
a r t e r i a l  blood pressure (BP) and pulse r a t e  was invest igated.  
BP, measured by the osc i l lograph ic  method i n  persons re s i s -  
t an t  t o  motion s ickness ,  remains unchanged o r  increases 
b r i e f l y  upon ves t ibu la r  s t imula t ion .  Hypotonia (57%) was 
noted i n  most persons prone t o  motion s ickness .  

With t h e  new achievements i n  av ia t ion  and space technology, t h e  r equ i re -  
ments f o r  adapta t ional  c a p a b i l i t i e s  o f  an organism a r e  increas ing s i g n i f -  
i c a n t l y ,  because modern means of  t ransportatTon a re  coupled with acce le ra t ions  
unusual f o r  man, which o f t e n  lead t o  motion s ickness .  

Among t h e  physiological  processes undergoing changes during motion 
s ickness ,  g r e a t e s t  a t t e n t i o n  i s  given t o  the  a c t i v i t y  of the  cardiovascular  
sys tem . 

Studying t h e  e f f e c t  of medicinal substances during a r t i f i c i a l  motion 
s ickness  i n  man, we turned our a t t e n t i o n  t o  t h e  f a c t  t h a t  the  s t a t e  of  a r t e r -  
i a l  pressure  of  t e s t  sub jec t s  a f f e c t s  t h e  s t a t e  of t h e  ves t ibu la r  analyzer  and 
t h e  defensive e f f e c t  o f  medicinal substances agains t  motion sickness.  A 
g r e a t  deal of l i t e r a t u r e  has been devoted t o  the  s t a t e  of the  cardiovascular  
system during b r i e f  periods of  v e s t i b u l a r  s t imula t ion .  On the  b a s i s  of  a  
number of s tud ies  [ l ,  3, 5, 7,  9 ,  10-151, a  d i s t i n c t  reac t ion  has been 
determined. On the  p a r t  o f  t h e  cardiovascular  system i n  response t o  s t imula-  
t i o n  of  t h e  v e s t i b u l a r  analyzer ,  an i n t e r r e l a t i o n s h i p  has been es tab l i shed  
between t h e  e x c i t a b i l i t y  of t h e  v e s t i b u l a r  analyzer  and a r t e r i a l  pressure .  
However, we have not encountered i n  the  l i t e r a t u r e  avai lable  t o  us s p e c i a l  
s t u d i e s  devoted t o  explaining t h e  e f f e c t  of  a r t e r i a l  pressure on the  func- 
t i o n a l  to lerance  o f  t h e  v e s t i b u l a r  analyzer  during motion sickness and t h e  
defensive e f f e c t  of medicinal substances agains t  motion sickness.  

We assigned ourselves t h e  task  of conducting a  d e t a i l e d  study o f  t h e  
following problems. 

1. What a r e  the  c h a r a c t e r i s t i c s  of t h e  physiological  l eve l  o f  a r t e r i a l  - / I63 
pressure  i n  sub jec t s  s l i g h t l y  r e s i s t a n t  and r e s i s t a n t  t o  motion sickness? 

2 .  What changes i n  the  s t a t e  of vascular  tonus take place during v e s t i b -  
u l a r  s t imula t ion  i n  sub jec t s  r e s i s t a n t  t o  and subjec t  t o  motion sickness? 



3. Is t h e r e  a  c o r r e l a t i o n  between t h e  degree of to lerance  o f  t h e  
v e s t i b u l a r  analyzer  and the  l e v e l  of  a r t e r i a l  pressure?  

4. How does t h e  funct ional  capaci ty  of  the  v e s t i b u l a r  analyzer  vary 
under t h e  e f f e c t  of medicinal substances aga ins t  motion s ickness  i n  persons 
sub jec t  t o  motion s ickness ,  who have normal and decreased a r t e r i a l  pressure?  

The study was ca r r i ed  out on 730 t e s t  s u b j e c t s .  

The funct ional  to lerance  o f  t h e  v e s t i b u l a r  analyzer  was determined by t h e  
number of o t o l i t h i c  r eac t ions  conducted repeatedly  a t  i n t e r v a l s  of  30 sec  
u n t i l  t h e  appearance of  d e f i n i t e  vege ta t ive  symptoms of  motion s ickness  
(paleness,  cold sweat, nausea o r  vomiting).  The group of s u b j e c t s  suscep t ib le  
t o  motion sickness included those  i n  which d e f i n i t e  vegeta t ive  symptoms o f  
motion s ickness  developed before  t e n  o t o l i t h i c  r e a c t i o n s .  The c r i t e r i o n  of 
r e s i s t a n c e  agains t  motion s ickness  i n  our s t u d i e s  was the  absence of vegeta- 
t i v e  symptoms a f t e r '  t e n  o t o l i t h i c  r eac t ions .  

Of 730 sub jec t s ,  145 displayed vege ta t ive  symptoms of  motion s ickness  
before  t e n  o t o l i t h i c  r eac t ions  ( those sub jec t  t o  motion s i ckness ) .  The 
remaining sub jec t s  underwent t e n  o t o l i t h i c  reac t ions  a t  i n t e r v a l s  o f  30 s e c  
without any unpleasant sensa t ions  and vege ta t ive  symptoms ( those r e s i s t a n t  t o  
motion s i ckness ) .  

A r t e r i a l  pressure  was s tud ied  by means of an a r t e r i a l  o sc i l log raph .  
T r i p l e  measurement of a r t e r i a l  pressure  a t  i n t e r v a l s  of 5 min was conducted 
before  s t imula t ion  of t h e  v e s t i b u l a r  analyzer .  Af ter  s t imula t ion ,  a r t e r i a l  
pressure  was again measured a t  i n t e r v a l s  of  5 min ( a f t e r  t e n  o t o l i t h i c  
r eac t ions  i n  personnel r e s i s t a n t  t o  motion s ickness ,  and a f t e r  t h e  appearance 
of vege ta t ive  symptoms of motion sickness i n  those sub jec t  t o  i t ) .  

We conducted d e t a i l e d  ana lys i s  of t h e  s t a t e  of a r t e r i a l  pressure  and 
pulse  during motion s ickness  on 100 youths sub jec t  t o  it,  and on 100 r e s i s t a n t  
t o  it.  The cont ro l  group ( those r e s i s t a n t  t o  motion s ickness)  cons is ted  of 
100 youths i n  whom t h e  doctors  found no i l l n e s s e s  of any kind. Upon ques- 
t ioning  they d id  not  complain of a  decrease i n  work capaci ty ,  headaches, and 
a l l  withstood rocking well and d i d  no t  experience motion s ickness  when us ing  
t r a n s p o r t a t i o n  (automobile, a i r c r a f t ,  boat ,  e t c . )  . 

Before s t imula t ion  of t h e  v e s t i b u l a r  analyzer ,  a r t e r i a l  p res su re  i n  t h e  - /16 
overwhelming majori ty of sub jec t s  of t h e  con t ro l  group was normal: 
130/80 - -  130/60 -- 120/80 -- 120/60 mm Hg a t  a  pulse  r a t e  of  60-80 b e a t s  p e r  
minute. A r t e r i a l  pressure  i n  four  sub jec t s  was somewhat h igher :  
140/60 -- 140/80 mm Hg a t  a  pulse  r a t e  of 60-74 b e a t s  per  minute. And, 
a r t e r i a l  pressure  i n  two sub jec t s  was diminished: 110/50 mm Hg a t  a  pulse  
r a t e  of 60-64 bea t s  p e r  minute. 

These sub jec t s  were divided i n t o  f i v e  groups a f t e r  s t imula t ion  of  t h e  
v e s t i b u l a r  analyzer by t en  o t o l i t h i c  t e s t s  a t  i n t e r v a l s  of 30 s e c ,  depending 



on t h e  f l u c t u a t i o n  i n  a r t e r i a l  pressure .  There were no f l u c t u a t i o n s  i n  
maximum and minimum a r t e r i a l  pressure  i n  40 sub jec t s  ( the  f i r s t  group), pu l se  
r a t e  d i d  not  f l u c t u a t e  i n  28 s u b j e c t s ,  and 12 sub jec t s  displayed an inc rease  
i n  pulse  r a t e  t o  10 b e a t s  pe r  minute. 

An inc rease  i n  a r t e r i a l  pressure  by 10-20 mm Hg (only minimum o r  maximum, 
o r  simultaneously minimum and maximum) was observed i n  56 sub jec t s  (second, 
t h i r d  and f o u r t h  groups).  An inc rease  i n  pulse  r a t e  by 20 bea t s  pe r  minute 
was noted i n  30 of 56 sub jec t s .  And, a  drop i n  a r t e r i a l  pressure  by 10-20 mm 
Hg was observed i n  only four  sub jec t s  ( the  f i f t h  group). 

Upon ana lys i s  of t h e  osci l lograms of a r t e r i a l  pressure  i n  t h e  con t ro l  
group, one could note  t h a t  a r t e r i a l  pressure  remains unchanged o r  b r i e f l y  
increases  i n  those  r e s i s t a n t  t o  motion s ickness  during s t imula t ion  of t h e  
v e s t i b u l a r  analyzer  of  t en  o t o l i t h i c  reac t ions  a t  i n t e r v a l s  o f  30 sec .  

The group o f  those  sub jec t  t o  motion s ickness  cons is ted  of 100 persons.  
Thi r ty-e ight  o f  them complained of r a p i d  physical  and mental f a t i g u e ,  head- 
aches and poor s l eep ;  82 persons during childhood poorly withstood swinging o r  
were sub jec t  t o  motion s ickness  i n  one o r  another  means o f  t r a n s p o r t a t i o n .  
A l l  sub jec t s  o f  t h i s  group were hea l thy ,  and displayed no i l l n e s s e s .  A r t e r i a l  
hypotonia was revealed i n  57 sub jec t s  p r i o r  t o  s t imula t ion  of  the  v e s t i b u l a r  
analyzer :  it was 100/60 - -  100/40 mm Hg i n  38 sub jec t s ,  90/55 -- 90/40 i n  
17 sub jec t s ,  and 85/50 mm Hg i n  two sub jec t s  a t  a  pulse  r a t e  of  54-80 b e a t s  
p e r  minute. We considered maximum a r t e r i a l  pressure  of  105-100 mm Hg and 
below, and a minimum of 65-60 mm Hg and below a s  a r t e r i a l  hypotonia. A r t e r i a l  
pressure  i n  43 s u b j e c t s  was normal a t  a  pulse  r a t e  of 60-80 bea t s  pe r  minute. 

Af ter  s t imula t ion  of t h e  v e s t i b u l a r  analyzer  by determining o t o l i t h i c  
r e a c t i o n s  a t  i n t e r v a l s  o f  30 sec ,  p r i o r  t o  t h e  appearance of vege ta t ive  
symptoms o f  motion s ickness  o f  the  second degree, t he  sub jec t s  were divided 
i n t o  f i v e  groups depending on t h e  f l u c t u a t i o n  of a r t e r i a l  pressure .  Fluctu-  
a t i o n s  i n  maximum and minimum a r t e r i a l  pressure  were not  observed i n  
23 sub jec t s  ( the  f i r s t  group); an inc rease  i n  pulse  r a t e  by 12 b e a t s  per  
minute was noted i n  e igh t  s u b j e c t s ,  and a decrease i n  a r t e r i a l  pressure  by 
10-20 mm Hg was observed i n  54 sub jec t s  ( four th  and f i f t h  groups).  Moreover, / I65 
a decrease i n  pu l se  r a t e  by 20 bea t s  pe r  minute was noted i n  24 sub jec t s ,  
pu l se  r a t e  d id  not  f l u c t u a t e  i n  20 s u b j e c t s ,  and the re  was an inc rease  i n  
t h e  pulse  r a t e  by 20 bea t s  p e r  minute i n  t e n  sub jec t s .  An increase  i n  
a r t e r i a l  p res su re  by 10-20 mm Hg was noted i n  t h e  remaining 23 sub jec t s  ( the  
second and t h i r d  groups) with an inc rease  i n  the  pulse  r a t e  of t e n  sub jec t s  
by 20 b e a t s  p e r  minute, and f luc tua t ions  of  pulse  r a t e  were not observed i n  
13 sub jec t s .  

Upon ana lys i s  of t h e  osci l lograms of persons sub jec t  t o  motion s ickness ,  
one could note t h a t  t h e i r  r eac t ion  of  a r t e r i a l  pressure  was more prolonged (up 
t o  30 min) compared t o  those  r e s i s t a n t  t o  motion s ickness .  These r eac t ions  
were o f t e n  observed a f t e r  s t imula t ion  of the  v e s t i b u l a r  analyzer  -- a drop i n  
a r t e r i a l  pressure  wi th in  severa l  minutes was replaced by an increase ,  and v i c e  
ve r sa .  



The da ta  presented i n d i c a t e  t h a t  i f  a r t e r i a l  hypotonia was present  i n  
57 of  100 sub jec t s  suscep t ib le  t o  motion s ickness ,  it was present  i n  only two 
sub jec t s  among 100 r e s i s t a n t  t o  motion s ickness .  

I f  a  decrease i n  a r t e r i a l  pressure  was observed i n  54 of 100 sub jec t s  
suscep t ib le  t o  motion sickness a f t e r  s t imula t ion  of  t h e  v e s t i b u l a r  analyzer ,  
t h i s  decrease was noted i n  only four  sub jec t s  out of 100 r e s i s t a n t  t o  motion 
sickness.  

In  t h e  group of sub jec t s  suscep t ib le  t o  motion s i ckness ,  we compared t h e  
to l e rance  l e v e l  of the  v e s t i b u l a r  analyzer  t o  t h a t  of  a r t e r i a l  pressure .  I t  
developed t h a t  among sub jec t s  suscep t ib le  t o  motion s i ckness ,  2  of  43 sub jec t s  
having normal a r t e r i a l  pressure  developed motion s ickness  a f t e r  one 
o t o l i t h i c  t e s t ,  3  developed motion s ickness  a f t e r  two t e s t s ,  and 7 developed 
sickness a f t e r  t h r e e  t e s t s .  Thi r teen  of  57 sub jec t s  with a r t e r i a l  hypotonia 
developed motion s ickness  a f t e r  one o t o l i t h i c  t e s t ,  n ine  a f t e r  two t e s t s ,  and 
t e n  a f t e r  t h r e e  t e s t s .  

As can be seen from f u r t h e r  ana lys i s ,  a  v e s t i b u l a r  s t imulus equal t o  
one t o  t h r e e  o t o l i t h i c  r eac t ions  caused motion s ickness  i n  28% of  t h e  sub jec t s  
wi th  normal a r t e r i a l  pressure  and i n  56% of those with a r t e r i a l  hypotonia. 
Af ter  fou r  t o  s i x  o t o l i t h i c  r eac t ions ,  52% of  t h e  sub jec t s  with normal 
a r t e r i a l  pressure  and 38% wi th  a r t e r i a l  hypotonia developed motion s ickness .  
Af ter  seven t o  n ine  o t o l i t h i c  r eac t ions ,  20% of  those with normal a r t e r i a l  
pressure  and 6% of t h e  s u b j e c t s  with a r t e r i a l  hypotonia developed motion 
s ickness .  

Tolerance of t h e  v e s t i b u l a r  analyzer  a f t e r  incept ion  of  1 mg of scopol- 
amine i n  those  sub jec t  t o  motion s ickness ,  with a r t e r i a l  hypotonia, and t h e  
defensive e f f e c t  of  scopolamine a r e  much more weakly expressed than  t h a t  
i n  s u b j e c t s  having normal a r t e r i a l  pressure .  Thus, symptoms of  motion s i ck -  
ness developed a f t e r  1-15 o t o l i t h i c  t e s t s  i n  47 of  57 s u b j e c t s  wi th  a r t e r i a l  
hypotonia, desp i t e  incept ion  of 1 mg of scopolamine, a f t e r  16-20 o t o l i t h i c  
t e s t s  i n  e igh t  sub jec t s ,  and only two sub jec t s  d id  not  d i sp lay  t h e  vege ta t ive  - 1 1 6  
symptoms of  motion sickness a f t e r  20 o t o l i t h i c  t e s t s .  Vegetative symptoms 
a f t e r  20 o t o l i t h i c  t e s t s  were not observed i n  21 of 43 sub jec t s  with normal 
a r t e r i a l  pressure ,  and a f t e r  16-20 o t o l i t h i c  t e s t s  i n  22 s u b j e c t s .  Conse- 
quently,  when t h e  to l e rance  of  t h e  vest ' ibular  analyzer is  i d e n t i c a l ,  1 mg o f  
scopolamine defends sub jec t s  with decreased a r t e r i a l  p res su re  much worse than 
it does those  having normal a r t e r i a l  pressure .  

On t h e  b a s i s  of  t h e  inves t iga t ions  conducted, we can make t h e  following 
conclusions. 

1. There i s  an i n t e r r e l a t i o n s h i p  between t h e  func t iona l  to l e rance  of  t h e  
v e s t i b u l a r  analyzer  and a r t e r i a l  pressure  during motion s i ckness .  

A r t e r i a l  hypotonia i s  a f a c t o r  predisposed t o  motion s ickness :  



a) a r t e r i a l  hypotonia i s  observed i n  57% of  sub jec t s  suscep t ib le  t o  
motion s ickness ,  and i n  2 %  of those r e s i s t a n t  t o  motion s ickness ;  

b)  upon stimula?ion of t h e  v e s t i b u l a r  analyzer ,  a decrease i n  a r t e r i a l  
pressure  was noted i n  54% of those sub jec t  t o  motion s ickness ,  and i n  4% of  
those  r e s i s t a n t  t o  motion s ickness ;  

c) comparison o f  t h e  r e a c t i v i t y  of t h e  v e s t i b u l a r  analyzer with t h e  l e v e l  
of a r t e r i a l  pressure  during motion s ickness  indica ted  t h a t  r e a c t i v i t y  of t h e  
v e s t i b u l a r  analyzer  i s  much h igher  i n  those  sub jec t s  with a r t e r i a l  hypotonia 
than  i n  those  r e s i s t a n t  t o  motion s ickness ;  

d) t h e  defens ive  e f f e c t  of scopolamine (1 mg) agains t  motion s ickness  i n  
sub jec t s  with a r t e r i a l  hypotonia i s  l e s s  expressed than  i n  those  with normal 
a r t e r i a l  pressure .  
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ON THE R O L E  OF THE ADAPTATION F U N C T I O N  OF 
SYMPATHETIC I N N E R V A T I O N  I N  P R E V E N T I O N  OF M O T I O N  SICKNESS 

V .  P .  Fomina-Kosolapova 

ABSTRACT. Testing the e f f ec t  on the exc i t ab i l i t y  of the 
vest ibular  apparatus of a rabbit  using sympatholytic 
(sympatholyt i n ,  piperoxane and pyridoxi phene) , sympatho- 
mimetic (adrenaline and ephedrine) substances was carr ied 
out.  Sympathomimetics caused a decrease i n  the number of 
nystagmic pulses during rota t ion and a reduction in post- 
rotat ional  nystagmus. The sympatholytics, except f o r  
piperoxane, have the opposite e f f ec t .  The a r t i c l e  contains 
one t ab l e ,  15 references and three i 1 l u s t r a t  ions. 

That the  ves t ibu la r  apparatus a f fec t s  the  vegetative nervous system i s  
not disputed by anyone a t  present.  I t  has been convincingly shown c l i n i ca l l y  
and experimentally t ha t  st imulation of the  ves t ibu la r  analyzer causes changes 
i n  the  s t a t e  of the  cardiovascular system, resp i ra t ion ,  t h e  smooth muscles 
of t h e  stomach and in tes t ines ,  i n  perspira t ion and sa l iva t ion ,  causes va r i -  
at ions i n  body temperature, e t c .  [2-5, 9-12]. 

With respect  t o  t h e  e f fec t  of t h e  vegetative nervous system on the  
ves t ibu la r  apparatus, much s t i l l  remains disputable and unknown. Available 
l i t e r a t u r e  sources on t h i s  problem of ten contain inconsistent  information [8, 
91 - 

Ye. B. Babskiy and V. Ye. Vinogradov [ l ]  e s tab l i sh  a decrease i n  the  
exc i t ab i l i t y  of t h e  ves t ibu la r  analyzer on the  operated s ide  i n  s i x  pa t ien t s  
who f o r  d i f fe ren t  reasons underwent cervical  sympathectomy on one s ide .  The 
c l i n i c a l  observations of K .  L .  Khilov [ l l ]  a l so  indicate  var ia t ion  i n  the  
s e n s i t i v i t y  of t he  ves t ibu la r  analyzer as a r e s u l t  of a wound i n  t he  superior 
cervical  sympathetic ganglion. 

A study was conducted of the  e f f ec t  on the  ves t ibu la r  ref lexes  of various 
pharmacological substances which vary t he  s e n s i t i v i t y  of the  sympathetic 
and parasympathetic f ibe rs .  Adrenaline decreased the  exc i t ab i l i t y  of t he  
vest ibular  analyzer. G. L.  Komendantov indicates  t ha t  administration of 
adrenaline f i r s t  leads t o  inh ib i t ion ,  and then t o  an increase i n  ves t ibu la r  
ref lexes .  Acetylcholin, according t o  h i s  data ,  s t imulates the  function of the  
vest ibular  apparatus. N. N. Lozanov, I .  P .  Baychenko and A .  N .  Krestovnikov 
[6, 81 t e s t ed  the  e f f ec t  of atropine and picrotoxin on the  ves t ibu la r  appar- 
atus (picrotoxin i n h i b i t s  the  sympathetic nervous system and atropine i n h i b i t s  
the  parasympathetic system). The r e s u l t s  of t h e i r  investigations indicate  
t ha t  inh ib i t ion  of t he  sympathetic and parasympathetic nervous systems has no @ 
apparent e f f ec t  on ves t ibu la r  ref lexes .  



For t h i s  a t e s t  was conducted of t h e  e f f e c t  of  va r ious  pharmacological 
subs tances ,  which change t h e  tonus of  t h e  sympathetic nervous system, on t h e  
e x c i t a b i l i t y  of t h e  v e s t i b u l a r  apparatus .  In  p a r t i c u l a r ,  sympatholytin,  
pyridoxiphene,  and piperoxane were t e s t e d .  A l l  t h e s e  substances have t h e  
p rope r ty  o f  blocking t h e  adreno-reac t ive  systems, and a l s o  of  weakening o r  
e l i m i n a t i n g  t h e  e f f e c t  o f  noradrena l ine  and adrena l ine  administered from 
without  on t h e  organism. Adrenaline and ephedrine o f  t h e  sympathomimetics 
were t e s t e d .  The experimental s t u d i e s  were c a r r i e d  out  on r a b b i t s .  The 
method of  i n v e s t i g a t i o n  was a s  fol lows : animal (nystagmus) and v e g e t a t i v e  
( r e s p i r a t i o n )  r e f l e x e s  were recorded i n  t h e  animals dur ing  r o t a t i o n  on a c h a i r  
b e f o r e  and a f t e r  admin i s t r a t  ion  o f  t h e  above-enumerated pharmacological 
subs tances .  Nystagmus was recorded with t h e  h e l p  o f  an electronystagmograph 
according t o  A. Ye. Kurashvi l i  [7], and r e s p i r a t i o n  was recorded wi th  t h e  
h e l p  of a carbon monitor.  Recording was made on an MPO-2 osc i l l og raph .  
Besides r e s p i r a t i o n  and nystagmus, t h e  number of  r evo lu t ions  o f  t h e  c h a i r  and 
a t ime marker were a l s o  recorded.  

A t o t a l  of 71 s t u d i e s  was c a r r i e d  out on 12 r a b b i t s ,  i n  which ad rena l ine  
was t e s t e d  22 t imes ,  ephedrine 8 t imes ,  sympatholytin 22 t imes ,  pyridoxiphene 
7 t imes and piperoxane 12 t imes.  

Upon a n a l y s i s  of t h e  nystagmograms obta ined ,  t h e  number of  nystagmic 
impulses and t h e  d u r a t i o n ' o f  p o s t - r o t a t i o n a l  nystagmus were determined, and 
upon a n a l y s i s  o f  t h e  r e s p i r a t i o n  curves,  t h e  frequency of r e s p i r a t i o n  be fo re  
r o t a t i o n  ( a t  r e s t ) ,  during r o t a t i o n  and a f t e r  i n t roduc t ion  of t h e  pharmaco- 
l o g i c a l  subs tances  was determined. The r e s u l t s  o f  t h e  i n v e s t i g a t i o n s  a r e  
presented  i n  t h e  t a b l e .  

The d a t a  of  t h e  t a b l e  i n d i c a t e  t h a t  t h e  sympathomimetics (adrena i ine  and 
ephedrine)  caused a decrease  i n  t h e  number of  nystagmic impulses during 
r o t a t i o n  and a r eces s ion  of  p o s t - r o t a t i o n a l  nystagmus (Figure 1 ) .  The 
sympatholyt ics  increased  t h e  number of nystagmic impulses,  and i n t e n s i f i e d  
r o t a t i o n a l  and p o s t - r o t a t i o n a l  nystagmus, which apparent ly  may b e  regarded a s  
t h e  appearance o f  i nc reased  s e n s i t i v i t y  of  t h e  v e s t i b u l a r  ana lyzer  (Figures  2 
and 3) . An except ion was s n l y  piperoxane, which i n  j u s t  two o f  twelve s t u d i e s  
caused i n t e n s i f i c a t i o n ,  and i n  t e n  caused a r eces s ion  i n  nystagmic r e a c t i o n .  
I t  i s  p o s s i b l e  t h a t  t h i s  p repa ra t ion  has ,  i n  add i t i on  t o  i t s  adreno-blocking 
p rope r ty ,  t h e  c a p a b i l i t y  o f  s e l e c t i v e l y  and uniquely a f f e c t i n g  t h e  tonus  o f  
t h e  v e s t i b u l a r  ana lyzer .  The small  number of s t u d i e s  which we c a r r i e d  out  
does not  permit  u s  t o  f avo r  t h i s  p repa ra t ion  c a t e g o r i c a l l y ,  b u t ,  apparent ly ,  /169 
t h e  c h a r a c t e r i s t i c  of piperoxane t o  a f f e c t  t h e  tonus of  t h e  v e s t i b u l a r  
ana lyze r  i n  an i n h i b i t i n g  manner should be  s tud ied .  

The d a t a  o f  t h e  t a b l e  a l s o  i n d i c a t e  t h a t  an i n c r e a s e  i n  r e s p i r a t i o n  r a t e  
was observed i n  r a b b i t s  dur ing  r o t a t i o n .  A t  r e s t ,  an average of  80 t o  
90 r e s p i r a t i o n s  p e r  minute was observed. During r o t a t i o n ,  t h e  number o f  
r e s p i r a t i o n s  p e r  minute increased  on t h e  average from 117 t o  140, r e s p i r a t i o n  
having become saccadic .  Af t e r  admin i s t r a t i on  of t h e  sympathomimetics, 
r e s p i r a t i o n  r a t e  dur ing  r o t a t i o n  increased  l e s s ,  on t h e  average t o  90-100 p e r  



minute. Af ter  in t roduc t ion  of t h e  sympatholytics,  r e s p i r a t i o n  r a t e  during 
r o t a t i o n  was on t h e  average t h e  same a s  before  adminis t ra t ion  o f  t h e  
medicinals.  

V A R I A T I O N S  I N  NYSTAGMUS AND RESPIRATION U N D E R  THE EFFECT OF SYMPATHOMIMETICS 
A N D  SYMPATHOLYT l CS (AVERAGE VALUES) 

Tr. Note: Commas indica te  decimal poin ts .  

Results  of  t h e  s t u d i e s  permit us  t o  s t a t e  t h a t  d e f i n i t i o n  of v e s t i b u l a r  
r eac t ions  depends on t h e  tonus of  t h e  sympathetic nervous system. Upon 
in t roduc t ion  of  sympatholytics,  an i n t e n s i f i c a t i o n  o f  v e s t i b u l a r  r eac t ions  was 
observed, and v e s t i b u l a r  r eac t ions  were l e s s  defined upon in t roduc t ion  of 
sympathomimetics . I t  i s  known t h a t  s t imula t ion  of t h e  parasympathetic sec t ion  
of t h e  vegeta t ive  nervous system occurs during s t imula t ion  of t h e  l abyr in th .  
I n  such a s t a t e ,  adrenal ine  o r  some o the r  sympathomimetic administered from 
without i n h i b i t s  excessive s t imula t ion ,  adapts  it f o r  normal perception and 
renders  s t imula t ion  adequate. When t h e  e f f e c t  of  t h e  sympathicus i s  excluded 
( f o r  example, when it is blocked with drugs o r  el iminated by c e r v i c a l  
sympathectomy), r eac t ions  of the  parasympathetic nervous system w i l l  no t  be  
adaptive,  which we a l s o  observed i n  our  s t u d i e s .  

Consequently, upon adminis t ra t ion  o f  sympathomimetic drugs i n t o  t h e  - /I73 
organism, t h e  tonus of  t h e  sympathetic nervous system i s  enhanced, and a t  t h e  
same time i t s  adapta t ional  r o l e  is  i n t e n s i f i e d .  The r e s u l t s  of ou r  s t u d i e s  
permit us  t o  recommend sympathomimetic substances t o  prevent motion s ickness .  
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Figure 3 .  Nystagmus i n  a Rabbit During Rotation Before (A) and Af ter  (B)  
Administrat ion of Pyridoxiphene. a ,  b ,  c and d ,  Notations a r e  t he  same a s  in  
Figure 1 .  
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VESTIBULAR T R A I N I N G  O F  TEST PILOTS BY PASSIVE METHODS 

N .  I .  Popov, F. A. Solodovnik and G .  F .  Khlebnikov 

ABSTRACT. The problem of conditioning men t o  ro ta t ion  w i t h  
t r a n s f e r  t o  an unstable platform, rocking, ro ta t ion  w i t h  ac- 
t i v e  t i l t i n g  of the head and body, balancing, and t o  complex 
ves t ibu la r  and visual  s t imul i  i s  considered. An increased 
tolerance of man t o  t h e  enumerated e f f e c t s  was achieved i n  a l l  
cases a f t e r  condit ioning.  

A number of unpleasant f a c t o r s  r e l a t e d  t o  motion of t h e  s h i p  (G-load, 
weightlessness,  v ib ra t ion ,  noises ,  e t c . )  under condit ions of  space f l i g h t  a c t  
on t h e  organism of the  as t ronaut .  In  a  s t a t e  of weightlessness,  t h e  funct ion  
o f  t h e  analyzers ,  i n  p a r t i c u l a r  of t h e  ves t ibu la r  analyzer ,  i s  d is rupted  
[2-91. There i s  a  change i n  the  rec iprocal  ( i n t e r r e l a t i o n s h i p s  between the  - / 174 
o t o l i t h i c  and cupulo-endolymphat i c  systems, and on t h i s  background var ious  
acce le ra t ions ,  i n  p a r t i c u l a r  Cor io l i s  accelera t ions ,  have negative e f f e c t s  on 
an organism [I-3, 101. 

Despite t h e i r  i n s i g n i f i c a n t  magnitude, the  acce le ra t ions  may have a 
cumulative e f f e c t  and gradually lead t o  development of a d e f i n i t e  p a t t e r n  o f  
motion s ickness .  

One of  t h e  warning ind ica to r s  i n  development of motion sickness during 
space f l i g h t  i s  increased s e n s i t i v i t y  of the  ves t ibu la r  analyzer  t o  adequate 
s t i m u l i  under ground condit ions with the  he lp  of s p e c i a l  t r a i n i n g .  We c a r r i e d  
out  a c t i v e  and passive v e s t i b u l a r  t r a i n i n g  of  t e s t  p i l o t s .  

Active t r a i n i n g  was b a s i c  and was conducted according t o  a  system of 
physica l  t r a i n i n g  with t h e  use o f  s p e c i a l  apparatus and stands.  We s h a l l  not  
undertake t o  describe them. Passive v e s t i b u l a r  t r a i n i n g  supplemented a c t i v e  
t r a i n i n g  -- we s e t  ourselves t h e  t a sk  o f  a f f e c t i n g  t h e  o t o l i t h i c  and cupulo- 
endolymphatic systems of  t h e  l abyr in th ,  and a l so  c e r t a i n  o ther  a f fe ren t  
systems which contro l  s p a t i a l  o r i e n t a t i o n .  

The following methods were employed: 

1 )  r o t a t i o n  i n  a  spec ia l  c h a i r  with t r a n s i t i o n  t o  an uns table  support ;  
2) rocking i n  a  four-beam Khilov rocking device; 
3) t r a i n i n g  i n  a  r o l l i n g  device with optokinet ic  s t imula t ion;  
4) r o t a t i o n  i n  a  c h a i r  with simultaneous sequent ia l  i n c l i n a t i o n s  and 

s t r a igh ten ing  of the  body and head t o  assigned l i m i t s ;  
5) balancing i n  a  c h a i r  with an uns table  support.  



P r i o r  t o  t h e  beginning of t h e  t r a i n i n g  cycle ,  the  funct ional  s t a t e  of 
t h e  v e s t i b u l a r  analyzer  was examined. The d a t a  obtained made it poss ib le  t o  
decide i n  each ind iv idua l  case which s t i m u l i  cause g r e a t e s t  s t imula t ion  of t h e  
v e s t i b u l a r  analyzer .  Training was planned and c a r r i e d  out with regard t o  
these  c h a r a c t e r i s t i c s .  I n  order  t o  evalua te  t h e  r e s u l t s  of t r a i n i n g  a f t e r  
terminat ion of t h e  cycle ,  repeated s t u d i e s  of t h e  funct ional  s t a t e  of t h e  
v e s t i b u l a r  analyzer  were made. 

Studies and t r a i n i n g  s t a b i l i t y  of  the  v e s t i b u l a r  analyzer  aga ins t  t h e  
e f f e c t  of angular  acce le ra t ions  were c a r r i e d  out i n  a  r o t a t i n g  c h a i r  with 
t r a n s i t i o n  t o  an uns tab le  support .  The extent  and dura t ion  of t h e  ves t ibu lo -  
somatic r eac t ion  t o  measured s t imula t ion  were determined during recovery of 
equilibrium. The d a t a  obtained a re  presented i n  Table 1. 

T A B L E  1 .  AVERAGE TIME OF R E C O V E R Y  O F  E Q U I L I B R I U M  TO M E A S U R E D  STIMULATION 
( I N  % O F  I N I T I A L )  

Test  subjec t  Before t r a i n i n g  After  t r a i n i n g  

S t a b i l i t y  o f  t h e  v e s t i b u l a r  analyzer agains t  Cor io l i s  acce le ra t ion  /I75 
apparently depended on a number of f a c t o r s  ( f a t igue ,  lack of s leep ,  an over- - 
f u l l  stomach, e t c . ) ,  and a l s o  on the  s t a t e  of the  c e n t r a l  nervous system (poor 
frame of  mind, unce r t a in ty ,  e t c . ) .  Indiv idual  c h a r a c t e r i s t i c s  of  t h e  organism 
and phys ica l  c a p a b i l i t i e s  t o  adaptat ion played a d e f i n i t e  r o l e .  Various 
unfavorable f a c t o r s  had an ever diminishing e f f e c t  i n  proport ion t o  t h e  
increase  i n  s t a b i l i t y .  

I t  i s  obvious from t h e  t a b l e  t h a t  the  per iod  of equil ibr ium recovery 
a f t e r  condit ioning was reduced i n  a1 1 sub jec t s ,  and consequently, ves t ibu lo -  
somatic r eac t ions  t o  t h e  same e f f e c t  were reduced. 

A s  a  r e s u l t  of condit ioning conducted on a four-beam Khilov rocking 
device, an absence o f  d e f i n i t e  ves t ibulo-vegeta t ive  r eac t ions  i n  a l l  sub jec t s  
was revealed,  which may be explained by t h e  high s t a b i l i t y  of t h e  v e s t i b u l a r  
apparatus t o  r e c t i l i n e a r  acce le ra t ions .  



S t a b i l i t y  of  t h e  v e s t i b u l a r  ana lyzer  aga ins t  Cor io l i s  a c c e l e r a t i o n  was 
eva lua ted  according t o  t h e  t ime of development o f  ves t ibu lo -vege ta t ive  
r e a c t i o n s  ( v a r i a t i o n  i n  pu l se  r a t e ,  p e r s p i r a t i o n ,  pa leness  of  t h e  f ace ,  
nausea,  e t c , ) ,  The e x t e n t  of  t h e  i n d i c a t e d  e f f e c t  v a r i e d  a s  a  func t ion  of  the  
s t a t u s  o f  t he  v e s t i b u l a r  apparatus  and i t s  s t a b i l i t y  a t  a  g iven  moment. 
Condit ioning was stopped when ves t ibu lo -vege ta t ive  r e a c t i o n s  developed, o r  
when t h e  well-being o f  t h e  s u b j e c t s  d e t e r i o r a t e d .  Def in i t e  v e s t i b u l o -  
v e g e t a t i v e  r eac t ions  i n  propor t ion  t o  condi t ion ing  developed with s i g n i f -  
i c a n t l y  g r e a t e r  e f f e c t s ,  and subsequent ly were not  revea led  by t h e  methods of 
s tudy  used.  I t  should be noted t h a t  condi t ion ing  d id  not  begin i n  a l l  
s u b j e c t s  a t  t h e  same p o i n t  i n  t ime.  In  some cases ,  d e f i n i t e  ves t ibu lo -  
v e g e t a t i v e  r eac t ions  developed with each condit ioning per iod  only  i n  a  g r e a t e r  
e f f e c t ,  and i n  o t h e r  cases  an inc rease  i n  s t a b i l i t y  a t  t h e  beginning of  t h e  
cond i t i on ing  cyc le  was rep laced  by a  b r i e f  decrease.  Conditioning of s u b j e c t s  
o f  t h e  l a t t e r  group began more s lowly,  and r equ i r ed  a  g r e a t e r  number o f  
cond i t i on ing  per iods .  

During t h e  course of t h e  s t u d i e s  and condi t ion ing  t o  complex s t i m u l i  i n  / I76  
an o p t o k i n e t i c  drum and i n  a  c h a i r  with an  uns t ab le  suppor t ,  t h e  r e s u l t s  were 
eva lua ted  according t o  t h e  presence o f  i l l u s o r y  sensa t ion ,  t h e i r  du ra t ion ,  and 
t h e  number of d e f i n i t e  o s c i l l a t i o n s  of t h e  body with r e spec t  t o  t h e  c e n t e r  of  
g r a v i t y ,  c o n t r o l l e d  with t h e  h e l p  of a  s t ab i log raph .  The r e s u l t s  of t h e s e  
s t u d i e s  a r e  presented  i n  Table 2 .  

T A B L E  2.  DEVELOPMENT O F  I L L U S I O N S  BEFORE AND AFTER V E S T I B U L A R  C O N D I T I O N I N G  

As can be seen from t h e  d a t a  of t h e  t a b l e ,  i l l u s i o n s  of r o t a t i o n  be fo re  
condi t ion ing  developed i n  only s i x  of e i g h t  s u b j e c t s ,  and a f t e r  condi t ion ing  
i n  only one sub jec t .  

The range of d e f i n i t e  o s c i l l a t i o n s  o f  t h e  body during o p t o k i n e t i c  s t im-  
u l a t i o n  be fo re  condi t ion ing  was wi th in  l i m i t s  from 0 t o  85 pe r  minute.  
S i m i l a r  o s c i l l a t i o n s  were not  observed i n  only two s u b j e c t s .  A f t e r  



condit ioning,  the  o s c i l l a t i n g  movements diminished sharply i n  one s u b j e c t  and 
were absent i n  e igh t  sub jec t s .  

Disappearance of i l l u s i o n s  of r o t a t i o n  and s i g n i f i c a n t  o s c i l l a t i o n s  of 
t h e  body during complex s t imula t ion  on a f f e r e n t  systems which con t ro l  s p a t i a l  
o r i e n t a t i o n  ind ica te s  t h e  p o s s i b i l i t y  o f  adapting man t o  unusual condit ions of 
exis tence  --  it i s  poss ib le  t o  maintain one 's  body i n  a given p o s i t i o n  when 
a f f e r e n t a t i o n  i n  t h e  system of  analyzers  con t ro l l ing  s p a t i a l  o r i e n t a t i o n  i s  
var ied .  

I t  should be noted i n  conclusion t h a t  condit ioning c a r r i e d  out  by t h e  
ind ica ted  methods increases  s t a b i l i t y  of  the  v e s t i b u l a r  analyzer  agains t  t h e  
e f f e c t  o f  some unfavorable f a c t o r s  of space f l i g h t .  
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ON THE NONSPEClFlClTY O F  VESTIBULAR C O N D I T I O N I N G  

B.  B .  Bokhov 

ABSTRACT. Resul ts  presented a r e  obtained i n  r a b b i t s ,  which 
ind ica t e  the nonspec i f ic  na ture  of acc l ima t i za t ion  t o  v e s t i -  
bu la r  s t imu la t ion .  Af te r  the animals had been condit ioned 
t o  a s i n g l e  s t imu lus ,  a  weakening was observed i n  the 
reac t ion  of nystagmus in response t o  s t imu l i  which were 
g r e a t e r  o r  l e s s  i n  va lue  than the condi t ion ing  s t imulus .  

The problem of nonspec i f i c  i nc rease  i n  t h e  a d a p t a b i l i t y  of an organism t o  /177 
a  number o f  unfavorable  f a c t o r s  by inc reas ing  i t s  s t a b i l i t y  t o  one of  them 
a t t r a c t s  t h e  a t t e n t i o n  of  i n v e s t i g a t o r s  of var ious  branches of medicine. 
This  phenomenon t akes  on s p e c i a l  s i g n i f i c a n c e  f o r  seamen, p i l o t s ,  and t o  a  
g r e a t e r  ex t en t  a s t r o n a u t s ,  when t r u e  condi t ions  cannot be  t o t a l l y  reproduced 
dur ing  t r a i n i n g .  In  p r a c t i c e ,  programming of t r a i n i n g  of. i nd i ca t ed  cont in-  
gen t  i s  accomplished by t a k i n g  i n t o  account i t s  nonspec i f ic  n a t u r e .  
However, a  comparatively smal l  number of  s t u d i e s  has  been devoted t o  t h e  
t h e o r e t i c a l  b a s i s  of a  system o f  measures t o  i nc rease  t h e  s t a b i l i t y  of  man 
a g a i n s t  t h e  e f f e c t  of  angular  and r e c t i l i n e a r  a c c e l e r a t i o n s .  I n  p a r t i c u l a r ,  
s e l e c t i o n  of t h e  type ,  e x t e n t ,  o v e r a l l  number and du ra t ion  of i nd iv idua l  
v e s t i b u l a r  s t i m u l i  dur ing  t r a i n i n g  i s  n o t  always s u f f i c i e n t l y  wel l  founded. 

Moreover, experimental observa t ions  i n d i c a t e  t h a t  p o s t - r o t a t i o n a l  
nystagmus may again appear a f t e r  i t s  t o t a l  e l imina t ion ,  i f  r o t a t i o n  v e l o c i t y  
i's increased  [2, 3,  181. This  information i s  v e r i f i e d  by d a t a  from p r a c t i c e ,  
when personnel  s t a b l e  a g a i n s t  s t imu la t ion  under ground s tudy  and t r a i n i n g  
develop motion s i ckness  due t o  t h e  e f f e c t  o f  s t i m u l i  a c t i n g  under r e a l  
condi t ions  [ 9 ,  131, and a l s o  by d a t a  on t h e  development o f  unpleasant  sensa-  
t i o n s  i n  experienced p i l o t s  while  conducting s tandard  r o t a t i o n a l  t e s t s  [ I ,  7, 
141. 

The purpose of t h i s  paper  was t o  study t h e  development of  acc l ima t i za t ion  
t o  super threshold  s t i m u l i  o f  t h e  v e s t i b u l a r  appara tus ,  and t o  e s t a b l i s h  
i t s  s p e c i f i c i t y .  

The experiments were conducted on r a b b i t s .  The W-2 e l e c t r o r o t a t i n g  
device  was used a s  a  s t imulus  [6].  Recording o f  response r eac t ions  was 
accomplished on a  "Pe t i t "  e lectroencephalograph.  

In t h e  f i r s t  s e r i e s  of  experiments t h e  e f f e c t  o f  repea ted  r o t a t i o n  at a  
v e l o c i t y  o f  120 deg/sec on du ra t ion  of  nystagmus, developing a f t e r  r o t a t i o n  o f  
a  r a b b i t  a t  a  v e l o c i t y  o f  10 ,  20, 30, 60, 70, 90, 120, 150 and 180 deg/sec, 
was s tud ied .  A s top-st imulus o f  120 deg/sec was s e l e c t e d  a s  one o f  t h e  



maximum s t i m u l i  which s t i l l  e l i c i t  a gradual  r eac t ion  o f  t h e  v e s t i b u l a r  
apparatus [4,  171 . 

Conditioning of t h e  n ine  r a b b i t s  was preceded by two t e s t  recordings  of 
t h e  r e a c t i v i t y  curve f o r  nystagmus and simultaneous recording o f  pu l se  r a t e  
f o r  a l l  n ine  s t imul i .  During t h e  succeeding s i x  t o  seven days, s t a b l e  reduc- 
t i o n  i n  postnystagmus t o  s top-st imulus of 120 deg/sec was achieved. Af ter  
terminat ion of  condit ioning,  two r e a c t i v i t y  curves were again recorded.  

Only four  r e a c t i v i t y  curves, every two a t  an i n t e r v a l  of f i v e  t o  
seven days, were recorded i n  t h e  con t ro l  animals.  The cont ro l  group 
(11 r a b b i t s )  was se l ec ted  such t h a t  t h e  dura t ion  o f  p o s t - r o t a t i o n a l  r e a c t i o n  
i n  them during t h e  f i r s t  r o t a t i o n  would correspond t o  s i m i l a r  f i g u r e s  of  
experimental animals. This permitted us t o  compare t h e  r e l a t i v e  r a t e  of 
e l iminat ing  r eac t ion  during t h e  course of four  s t u d i e s  i n  both groups. 

Number of rotation 

Figure 1 shows e l imina t ion  of  
pos t - ro ta t iona l  nystagmus. The 
d i f f i c u l t y  .of  evalua t ing  t h e  exper- 
imental d a t a  obtained was t h a t  even 
double o r  t r i p l e  a p p l i c a t i o n  o f  
v e s t i b u l a r  stimulus causes a reduc- 
t i o n  i n  durat ion of postnystagmus 
[S, 8 ,  111. Actual ly,  judging from 
t h e  d a t a  obtained,  t h e r e  i s  an 
obvious reduction of nystagmic 
r eac t ion  t o  a l l  s t i m u l i  i n  both 
experimental and con t ro l  animals. 
However, t h e  course of  t h e  curves of 
nystagmic reduction i s  not  i d e n t i c a l  
i n  groups. 

F i r s t ,  t h e  s teepness  of  t h e  
Fi gure 1 . Reduct ion of Nystagmi c reduction curves ( the  r a t e  of 
Reaction i n  Experimental and Con- nystagmic reduction)  from t h e  second 
t r o l  Groups After  Quadruple Repeti- t o  t h e  t h i r d  s tudy i s  somewhat 
t i on  of Ser ies  Rotat ion. Duration of  g r e a t e r  i n  the  experimental group; 
nys tagmus du r i ng f i r s t  ro t a t ion  was secondly, t h e  dura t ion  of nystagmus 
assumed t o  be 100%. between t h e  t h i r d  and f o u r t h  

s tud ies  continues unchanged i n  t h e  
cont ro l  group compared t o  t h e  exper- 

imental group. Both comments r e f e r  t o  t h e  reduction curves t o  s t i m u l i  wi th in  
t h e  range 30-180 deg/sec. Consequently, repeated r o t a t i o n  a t  a v e l o c i t y  of  
120 deg/sec a l t e r s  r eac t ion  t o  s t i m u l i  of  both g r e a t e r  and l e s s e r  i n t e n s i t y .  
According t o  the  r e s u l t s  obtained,  regress ion  curves were p l o t t e d  and t h e i r  
r e l i a b i l i t y  evaluated1. 

- 
S t a t i s t i c a l  processing o f  t h e  experimental d a t a  was ca r r i ed  out  by 

V.  S. Novoselov on t h e  Ural-2 computer. 



A second s e r i e s  of  experiments was c a r r i e d  ou t  i n  o r d e r  t o  r e f i n e  t h e  
d a t a  obtained.  I n  t h e s e  experiments,  only two s t i m u l i  o f  120 and 60 deg/sec, 
which a r e  maximum f o r  t h e  cupulometric range,  were employed. The experiment / I79  
c o n s i s t e d  of s i x f o l d  r o t a t i o n  of  t h e  animals a t  a  l e s s e r  v e l o c i t y ,  and w i t h i n  
an hour a  s i x f o l d  r o t a t i o n  a t  a  h ighe r  v e l o c i t y  ( f i r s t  group) .  The o r d e r  of 
r o t a t i o n  was reversed  i n  t h e  second subgroup. Duration o f  p o s t - r o t a t i o n a l  
n y s t a g m s ,  and a l s o  pu l se  and r e s p i r a t i o n  r a t e s  f o r  20 s e c  were ca l cu la t ed .  
A f t e r  te rmina t ion  o f  t h e  experiments,  a  comparison was made of t h e  somatic  and 
v e g e t a t i v e  r eac t ions  t o  t h e  same st imulus i n  t h e  va r ious  subgroups. 

I t  was discovered during comparison of t h e  d a t a  of  nystagmic r e a c t i o n  
frequency i n  response t o  a  s top-s t imulus  of 60 deg/sec, t h a t  t he  o v e r a l l  
tendency i n  v a r i a t i o n  o f  t h i s  i n d i c a t o r  was i d e n t i c a l  i n  bo th  groups 
(Figure 2 ) .  The g r e a t e s t  frequency of  nystagmus i s  observed dur ing  t h e  f i r s t  
seconds a f t e r  s topping ,  then  t h e r e  is  a  gradual  dec rease  i n  frequency. 
However, t h e  r e p r e s e n t a t i v e  f e a t u r e  of  nystagmic v a r i a t i o n  i n  t h e  second group 
is a  sha rpe r  drop i n  frequency. Mathematical p rocess ing  proved i t s  t o t a l  
s t a t i s t i c a l  r e l i a b i l i t y .  I f  r o t a t i o n  a t  a  v e l o c i t y  of  120 deg/sec was 
preceded by repea ted  r o t a t i o n  a t  a  v e l o c i t y  of 60 deg/sec,  t h e  frequency o f  
nystagmus i n  response t o  a  s top-s t imulus  of  120 deg/sec was reduced. However, 
no s t a t i s t i c a l l y  r e l i a b l e  d i f f e r e n c e  i n  t h e  subgroups was de t ec t ed .  In  a 
g iven  case ,  one may assume t h a t  t h e r e  a r e  not  only e f f e c t s  o f  i n t ense  s t i m u l i  
on r e a c t i o n  t o  l e s s e r  s t i m u l i ,  bu t  a l s o  t h e  r eve r se  e f f e c t ,  which i s  more 
weakly expressed.  

Figure 2 .  Dynamics of 
Var ia t ion  i n  Nystagmic 
Frequency (~umbe  r of 
Nystagmic Impulses 
During Each 2 s e c  of 
React ion) Af te r  Stop- 
S t  imul us of 60 deg/sec 
in  Various Subgroups 
( 1 ,  2 )  

b o t h  subgroups during t h e  

Turning t o  v e g e t a t i v e  i n d i c a t o r s ,  one should /180 
n o t e  t h a t  r e s p i r a t o r y  r e a c t i o n  t o  v a r i a b l e  s t i m u l i  
cons i s t ed  of a  l a t ency  pe r iod ,  r e s p i r a t o r y  pause,  
and a  subsequent i n c r e a s e  i n  r e s p i r a t i o n  r a t e .  
Length o f  t h e  l a t ency  per iod  (0.19 sec)  and 
r e s p i r a t o r y  pause (0.6-0.9 sec )  t o  s top - s t imu l i  o f  
60 and 120 deg/sec ha rd ly  d i f f e r e d  from each o t h e r  
i n  t h e  d i f f e r e n t  groups. 

With regard  t o  an i n c r e a s e  i n  r e s p i r a t i o n  
r a t e ,  t h i s  component o f  t h e  r e a c t i o n  diminished 
no t i ceab ly  a f t e r  s i x f o l d  s t i m u l a t i o n  by a  s top-  
s t imulus  of 60 deg/sec i n  both  t h e  f i r s t  and second 
subgroups. 

Var ia t ion  i n  h e a r t b e a t  i n  response t o  a  s top -  
s t imulus  of  120 deg/sec included a  sharp i n c r e a s e  
i n  t h e  R-R i n t e r v a l  ( r e t a r d a t i o n  of h e a r t b e a t )  and 
gradual  r e t u r n  of t h e  index t o  t h e  norm dur ing  t h e  
f i r s t  second a f t e r  s t i m u l a t i o n .  

The pulse  r e a c t i o n  descr ibed  above t o  a  
s t imulus  of 120 deg/sec became more d i s t i n c t  i n  

s i x t h  r o t a t i o n  than  during t h e  f i r s t  r o t a t i o n .  



However, a  v a l i d  d i f f e rence  between d a t a  of t h e  f i r s t  and s i x t h  r o t a t i o n  was 
e s t ab l i shed  only i n  the  second subgroup ( r o t a t i o n  without prel iminary 
condit ioning) 

The r e s u l t s  of  t h e  inves t iga t ions  conducted may be  genera l ized  i n  t h e  
following manner. 

1. Conditioning t o  angular acce le ra t ion  may be genera l ized .  

2. Acclimatizat ion i s  t r a n s f e r r e d  t o  reac t ions  which develop i n  response 
t o  s t i m u l i  exceeding and i n f e r i o r  i n  value t o  t h e  condit ioning s t imulus .  

We did  not  manage t o  obta in  d a t a  with respect  t o  t r a n s l a t i o n  o f  t h e  
e f f e c t  of condit ioning t o  vegeta t ive  r eac t ions .  

Reports of  o t h e r  authors ,  who s tud ied  t r a n s f e r  of acc l ima t i za t ion  from 
in tense  t o  weak s t i m u l i  and v ice  versa ,  agree with ava i l ab le  d a t a  on nystagmus 
[16]. However, it should be emphasized t h a t  t h e  concern should apparent ly  be - / I81  
d i r ec ted  toward t r a n s f e r  of acc l imat iza t ion  only t o  a  l imi ted  number o f  
s t i m u l i  loca ted  wi th in  a  s p e c i f i c  range. There i s  no doubt t h a t  we a re  
concerned h e r e  with a  general  phys io logica l  phenomenon which has been de tec ted  
i n  t h e  most d iverse  funct ional  systems during condit ioning and e l iminat ion  of 
various r eac t ions  [ l o ,  1 2 1  . 

In t roduct ion  of t h e  concept of  l imi t ed  gene ra l i za t ion  o f  acc l ima t i za t ion  
explains t h e  seeming cont radic t ions  between those observat ions which a r e  i n  
favor  of  t h e  s p e c i f i c i t y  o f  acc l imat iza t ion  and those  agains t  it. The 
deciding f a c t o r  i n  these  cases i s  t h e  extent  of  agreement of s p a t i a l  and t ime 
c h a r a c t e r i s t i c s  of usual  and "unusual" s t i m u l i  ac t ing  f o r  t h e  f i r s t  t ime. 

Important conclusions i n  t h e  p r a c t i c a l  sense ensue from t h e  concept of 
l imi t ed  s e l e c t i v i t y  of acc l imat iza t ion  t o  a  v e s t i b u l a r  s t imulus -- f i rs t ,  
optimum s t i m u l i  must be found which have a more c l e a r l y  expressed p roper ty  t o  
t r a n s f e r  o r  gene ra l i za t ion  of acc l imat iza t ion;  and secondly, condi t ioning  
programs must be planned with regard t o  t h e  magnitude and type of s t i m u l i  
which w i l l  a c t  on man under r e a l  condi t ions .  
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T H E  E F F E C T  OF MOTION S I C K N E S S  ON THE F U N C T I O N A L  
STATUS OF THE HYPOPHYSIS-CORTEX SYSTEM OF T H E  

ADRENAL GLANDS 

N.  I .  Kastrov and 0. A.  Nakapkin 

ABSTRACT.  The e f f e c t  of s t imu la t ing  the  v e s t i b u l a r  appar- 
a tu s  on t h e  content  of re'gular elements of the  blood was 
s tud ied .  It was e s t a b l i s h e d  t h a t  rocking heal thy s u b j e c t s  
i n  a  Khilov swing f o r  15 minutes leads t o  a  d i s t i n c t  redu5- 
t i on  in t he  eos inophi les  in t he  blood wi th in  4 hours .  

Es t ab l i sh ing  t h e  genes is  of motion s i ckness  i s  important  i n  t h e  s tudy  of /182 
the  e f f e c t  o f  var ious  types o f  a c c e l e r a t i o n s  on t h e  human organism. 

The research  of  V .  I .  Voyachek and K .  L .  Khilov [ 2 ,  81 has  shown t h a t  t h e  
i n i t i a l  l i n k  i n  t h e  chain r e a c t i o n  of  motion s ickness  i s  s t i m u l a t i o n  of  t h e  
o t o l i t h i c  appara tus .  The ex ten t  of  i t s  s e n s i t i v i t y  may be judged by t h e  
d e f i n i t i o n  of  v e g e t a t i v e  r eac t ions  i n  response t o  v e s t i b u l a r  monotonic 
s t imu la t ions  and t h e  time of  t h e i r  onse t .  The process  of motion s i ckness  may 
be presented  schemat ica l ly  i n  t h i s  manner - -  s t imu la t ion  of  t h e  v e s t i b u l a r  
apparatus  s t i m u l a t e s  s p e c i f i c  reg ions  of  t h e  co r t ex  and s u b c o r t i c a l  vege ta t ive  
c e n t e r s  which a l s o  determine t h e  development of vege ta t ive  r e a c t i o n s .  One of 
t h e  leading  vege ta t ive  cen te r s  i s  t h e  i n i o n ,  which i s  connected t o  t h e  
hypophysis through t h e  hypothalamic reg ion ,  

According t o  t h e  theory  of  S e l l y e  and o t h e r  au tho r s ,  t h e  hypophysis and 
t h e  co r t ex  of  t h e  adrena l  glands determine t h e  o v e r a l l  adap ta t iona l  r e a c t i o n  
of  an organism t o  a  s t imulus -- t h e  s t r e s s o r  --unusual i n  i n t e n s i t y  o r  
q u a l i t y .  According t o  S e l ' y e l s  theory ,  which we used i n  conjunct ion wi th  t h e  

. papers  of  I .  P .  Pavlov, I .  M .  Sechenov, A. A .  Orbe l i ,  A. D .  Speranskiy and 
o t h e r  Sovie t  s c i e n t i s t s ,  a  complex neurohumoral r e a c t i o n  i s  observed i n  an 
organism sub jec t ed  t o  a s t r e s s  e f f e c t .  An extreme s t imulus ,  by s t i m u l a t i n g  
t h e  c e n t r a l  nervous system, causes r e l e a s e  of  adrena l ine  t o  i t s  sympathet ic  
reg ion .  This  t oge the r  with t h e  e f f e c t  o f  t h e  hypothalamic reg ion  i n  t u r n  
s t imu la t e s  product ion by the  hypophysis o f  so -ca l l ed  s t r e s s o r  hormones: 
somatotropi c  (STH) and ad renocor t i co t rop ic  (ACTH) . With q u a n t i t a t i v e  predom- 
inance of  ACTH, t h e r e  i s  i n t e n s i f i e d  r e l e a s e  of  g lucocor t i co ids ,  i n  p a r t i c u l a r  
of c o r t i s o n e ,  by t h e  adrena l  glands,  which causes var ious  types  of changes i n  
t h e  organism, inc luding  eosinopenia (1 ,  4 ,  7,  111. Such a  s t r e s s o r  may be 
manifested by tRe e f f e c t  of a c c e l e r a t i o n  on t h e  human organism. 

On t h e  b a s i s  of t h i s  concept, we hypothesized a  s p e c i f i c  r o l e  of  
t h e  hypothalamus-hypophysis-cortex system of  t h e  adrena l  g l ands in  t h e  genes is  



of motion s ickness .  We s e l e c t e d  c a l c u l a t i o n  o f  t h e  number of  eos inophi les  i n  
p e r i p h e r a l  blood a s  a  t e s t  t o  confirm t h i s  hypothes is .  

Motion s i ckness  i n  t e s t  sub jec t s  was accomplished on a  four-beam Khilov / I83  
swing wi th in  15 min. The fol lowing r e a c t i o n s  t o  motion s ickness  were 
recorded:  s u b j e c t i v e  sensa t ions ,  t i n t  sf f a c i a l  s k i n ,  and v a r i a t i o n  i n  pu l se  
r a t e .  Calcu la t ion  o f  t h e  l eucocy t i c  formula, t o t a l  number o f  leucocytes ,  and 
t h e  absolu te  number of eos inophi les  was accomplished be fo re  and wi th in  4 h r  
a f t e r  motion s i ckness  (on an empty stomach) a t  8-9 a.m. and a t  12-1 p.m.). 
The abso lu t e  number o f  eos inophi les  was ca l cu la t ed  i n  a  Goryayev counter .  
Hinkelman l i q u i d  dye was used t o  d i l u t e  t h e  blood.  Eosinopenic r e a c t i o n  t o  
motion s i ckness  was considered p o s i t i v e  upon a  50-percent o r  g r e a t e r  decrease  
i n  t h e  number of  eos inoph i l e s .  

We s t u d i e d  a  t o t a l  of 113 s u b j e c t s ,  o f  which 25 served a s  con t ro l ,  41 
r ece ived  ACTH ( t h e  Thorn t e s t ) ,  and 47 were sub jec t ed  t o  motion s i ckness .  

Resul t s  of  t h e  s tudy  showed t h a t  w i t h i n  4 h r  a f t e r  labora tory  inducement 
o f  motion s i ckness  t h e r e  was a  s i g n i f i c a n t  reduct ion  i n  t h e  abso lu t e  number o f  
eos inoph i l e s  (x = 106 and 1 cm3 o f  blood) compared-to the  i n i t i a l  l e v e l  
(x = 189).  The ind ica t ed  d i f f e r ences  a r e  s t a t i s t i c a l l y  r e l i a b l e ,  because 
p = 0.002. S imi l a r  d a t a  a r e  observed w i t h i n  4 h r  a f t e r  in t ramuscular  admin- 
i s t r a t i o n  o f  25 u n i t s  o f  ACTH. Moreover, t h e  abso lu t e  number of  eos inophi les  
i s  142 and 240, r e s p e c t i v e l y .  The d i f f e r e n c e  i n  average va lues  i s  s i g n i f i c a n t  
(p  < 0.002).  The c o n t r o l  s tudy  i n d i c a t e s  t h a t  dur ing  t h e  course of 4 h r  ( i n  
t h e  s t a t e  o f  r e s t ) ,  from 9 a.m. t o  1 p.m., t h e r e  i s  some reduct ion  i n  t h e  
number o f  eos inophi les  o f  t h e  pe r iphe ra l  blood (from 160 t o  119) ,  bu t  t h e s e  
d i f f e r e n c e s  a r e  no t  s t a t i s t i c a l l y  r e l i a b l e .  

Resul t s  o f  t h e  s t u d i e s  a r e  presented  i n  Table 1. 

Thus, t h e r e  is d i s t i n c t  eosinopenia s i m i l a r  t o  t h a t  noted a f t e r  i n t r a -  
muscular i n t r o d u c t i o n  o f  25 u n i t s  of ACTH i n  response t o  v e s t i b u l a r  motion 
s i c k n e s s .  

I t  i s  important t o  emphasize t h a t  t h e  ex t en t  of decrease i n  t h e  abso lu t e  / I84  
number o f  eos inophi les  i n  t h e  pe r iphe ra l  blood inc reases  i n  propor t ion  t o  t h e  
i n c r e a s e  i n  i n t e n s i t y  of motion s ickness  symptoms. Tes t  s u b j e c t s  sub jec t ed  
t o  motion s ickness  were d iv ided  i n t o  two groups according t o  t h e  degree o f  
s e v e r i t y  of o t o l i t h i c  r e a c t i o n  (according t o  V. I .  Voyachek and K .  L .  Khilov): 
1 9  s u b j e c t s  wi th  v e g e t a t i v e  r eac t ion  of  0-1 degree,  and 28 s u b j e c t s  wi th  
v e g e t a t i v e  r e a c t  ion  o f  11-111 degree. 

I t  was discovered during s tudy of t h e  eosinopenic r e a c t i o n  i n  t h e s e  two 
groups of  t e s t  s u b j e c t s  a f t e r  motion s i ckness  t h a t  a  very  s i g n i f i c a n t  decrease  
i n  t h e  abso lu t e  number of eos inophi les  (2 = 87) compared t o  t h e  i n i t i a l  l e v e l  
(x = 210, p = 0.001) i s  noted i n  s u b j e c t s  with v e g e t a t i v e  r e a c t i o n  of  
11-111 degree. A r educ t ion  i n  t h e  abso lu t e  number o f  eos inophi les  (from 159 
t o  134) was a l s o  observed i n  a  subgroup wi th  a  l e s s  severe  r e a c t i o n  t o  motion 



sickness (vegetat ive r eac t ion  o f  0-1 degree),  but t h i s  decrease was not  
r e l i a b l e  (Table 2 ) .  

TABLE 1 .  E O S l N O P E N l C  REACTION I N  RESPONSE TO VESTIBULAR MOTION SICKNESS 
I N  CONTRAST TO THE THORN TEST 

T r .  Note: Commas indica te  decimal points .  

Statistical index Control I ACTH I Motion sickness 

9 a . m .  1 I p . m .  9 a . m .  I 1 p . m .  9 a . m .  1 l p . m .  

TABLE 2. V A R I A T I O N  I N  ABSOLUTE NUMBER OF EOSINOPHILES AS A FUNCTION 
OF DEGREE OF MOT I ON S I CKNESS 

n - 
x 

+ u - 
& ulx 
' I  

P 
- .  

Tr. Note: Commas indrcate decimal points .  

~ h u s ,  analys is  of t h e  d a t a  obtained permits us t o  conclude t h a t  sub jec t s  
with a severe degree of  motion s ickness  indica ted  sharper " s t r e s s o r  eosino- 
penia" compared t o  t h a t  a f t e r  administrat ion o f  ACTH. An i n s i g n i f i c a n t  
eosinopenic r eac t ion  developed i n  sub jec t s  not  subjected t o  motion s ickness .  
Our da ta  agree with t h e  r e s u l t s  of experimental s tud ies  of MacLanghlin and 
Gray [ lo ] ,  who observed an increase  i n  the  l e v e l  of co r t i cos te r iods  i n  t h e  
blood a f t e r  r o t a t i o n  of animals. 

25 
119 
102 

20 20 
$96 
09.1 

41 
142 

142 , 240 1 95 
22 14 

3,3 
0,002 

47 
189 106 
135 1 81,7 

19,8 12,9 
335 
0,002 
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MOTION S I C K N E S S  I N  DOGS BEFORE AND A F T E R  INTRAVENOUS 
ADM l N l STRAT I ON OF SOD1 UM HY DROCARBONATE 

A .  G.  Kuznetsov and V. N. Barnatskiy 

ABSTRACT.  The e f f e c t i v e n e s s  of intravenous admin i s t r a t i on  
of hydrocarbonate ad a prophylac t ic  substance during motion 
s ickness  ( v e r t i c a l  l i n e a r  a c c e l e r a t i o n s )  was s tudied  i n  t h r e e  
dogs. A two-time adminis t ra t ion  of 1 0  m R  of a 5% s o l u t i o n  
a t  two-week i n t e r v a l s  had a p o s i t i v e  e f f e c t ,  which was ex- 
pressed i n  a decrease i n  the  frequency and severi ' ty  of mo- 
t i o n  s ickness  symptoms. 

P re sen t ly  e f f e c t i v e  substances which reduce vege ta t ive  d i s o r d e r s  dur ing  
motion s i ckness  a r e  c h o l i n o l y t i c  and an t ih i s t amine  p repa ra t ions  i n  v a r i o u s  
combinations [3] .  However, t h e s e  p repa ra t ions  t o g e t h e r  with t h e i r  p o s i t i v e  
e f f e c t  have a very  s i g n i f i c a n t  de f i c i ency  -- i n  dosages used, they  cause 
i n h i b i t i o n  i n  va r ious  branches of  t h e  c e n t r a l  nervous system. In 1949, 
Hasegawa proposed a new method of  counterac t ing  motion s i ckness  -- in t ravenous  
admin i s t r a t i on  of  a s o l u t i o n  of  sodium hydrocarbonate.  Unfortunately,  
Hasegawa's method has  s t i l l  no t  achieved genera l  recogni t ion .  Without 
ass igning  ourse lves  t h e  t a s k  of  expla in ing  t h e  mechanism o f  t h e  e f f e c t  of  soda 
so lu t ions  upon intravenous admin i s t r a t i on ,  we decided t o  v e r i f y  t h e  e f f e c t i v e -  
ness  o f  t h e  given method i n  our  s t u d i e s .  

The experiments were run on t h r e e  dogs. In  t h e  dog, a r b i t r a r i l y  named 
D-9, t h e  e l e c t r i c a l  a c t i v i t y  o f  t h e  muscular l a y e r  and nerve stems o f  t h e  
stomach was s tud ied  (on an EGS-3 e l ec t rogas t rog raph) ,  and i n  dog D - l l  t h e  
e l e c t r i c a l  a c t i v i t y  o f  t h e  p y l o r i c  s p h i n c t e r  and nerve stem i n  t h e  small  bend 
o f  t h e  stomach was s tud ied  (with t h e  h e l p  of a UBP-1 ampl i f i e r  and MPO-2 
osc i l l og raph)  . Moreover, s a l i v a t i o n ,  nausea, vomiting and behavior  o f  t h e  
animals were a l s o  recorded (only t h e  l a t t e r  r e a c t i o n s  i n  dog D-14) l .  The dogs / I86  
were sub jec t ed  t o  rocking i n  a v e r t i c a l  p lane  on a s p e c i a l l y  designed s t a n d  
f o r  20 min; acce l e ra t ions  which developed during t h i s  per iod  were k0.3. 

The animals (weighing 10-11 kg) were administered 10 mR each of  a 5% 
s o l u t i o n  o f  sodium bicarbonate .  The p repa ra t ion  was again adminis te red  wi th in  
two weeks. The s t u d i e s  were begun wi th in  t h r e e  days a f t e r  admin i s t r a t i on  o f  
t h e  p repa ra t ion .  Severe d i so rde r s ,  which were manifested i n  repea ted  parox- 
ysms of  nausea and vomiting, were observed upon rocking of  dog D - 1 1  b e f o r e  
admin i s t r a t i on  of  t h e  soda s o l u t i o n .  Motor i n h i b i t i o n  was noted dur ing  
rocking and during t h e  a f t e r e f f e c t .  Within t h r e e  days a f t e r  admin i s t r a t i on ,  
fewer a t t a c k s  of  nausea and vomiting were observed i n  i t ,  although rocking  

accompanied by motor u n r e s t .  



was continued f i v e  minutes longer  than  dur ing  t h e  con t ro l .  Within two weeks, 
a  second admin i s t r a t i on  of  10 mR of  a  5% sodium so'lution was accomplished, 
a f t e r  which t h e  dog hard ly  responded t o  motion s i ckness .  For t h r e e  and f o u r  
months a f t e r  f i r s t  admin i s t r a t i on  o f  t h e  soda, t h e  animal was again 
sub jec t ed  t o  rocking:  t h e  dog s tood  q u i e t l y ,  and d i d  n o t  d i sp l ay  any motor 
u n r e s t ,  a g i t a t i o n ,  nausea and vomiting. 

Weakly def ined  v e g e t a t i v e  d i s o r d e r s ,  which manifested themselves i n  
s i n g l e  a t t a c k  o f  nausea and motor i n h i b i t i o n  f o r  s e v e r a l  minutes dur ing  t h e  
a f t e r e f f e c t ,  were noted du r ing  rocking of  dog D-9 be fo re  adminis t ra t ion  of t h e  
soda s o l u t i o n s .  Motion s i ckness  symptoms were n o t  noted a f t e r  t h e  f i r s t  
admin i s t r a t i on  o f  soda; t h e  e f f e c t  continued f o r  two months. 

Severe vege ta t ive  d i so rde r s ,  which manifested themselves i n  repea ted  
a t t a c k s  o f  nausea and vomiting, were observed dur ing  rocking o f  dog D-14 
b e f o r e  admin i s t r a t i on  of t h e  soda. Af t e r  t h e  second adminis t ra t ion  o f  soda,  
v e g e t a t i v e  d i so rde r s  dur ing  rocking were i n s i g n i f i c a n t ,  and were not  no ted  
a f t e r  two weeks. The p o s i t i v e  e f f e c t  o f  adminis te r ing  soda continued f o r  a  
y e a r .  

Motor a c t i v i t y  of  t h e  stomach of  dog D-9. There was i n h i b i t i o n  of  t h e  
motor a c t i v i t y  of t h e  stomach, which was maintained dur ing  t h e  a f t e r e f f e c t  of  
t h e  s t imulus  f o r  s e v e r a l  minutes,  began dur ing  rocking of t h e  dog dur ing  t h e  
c o n t r o l  experiment.  The same p a t t e r n  was noted t h r e e  days a f t e r  adminis t ra -  
t i o n  of  t h e  soda. On t h e  f o u r t h  day dur ing  rocking,  a  sharp  i n t e n s i f i c a t i o n  
of motor a c t i v i t y  began, which was rep laced  wi th in  s e v e r a l  minutes by 
i n h i b i t i o n .  From t h e  s i x t h  day a f t e r  admin i s t r a t i on  o f  t h e  soda, motor 
a c t i v i t y  o f  t h e  stomach was i n h i b i t e d  only during rocking.  

Motor a c t i v i t y  of  t h e  p y l o r i c  s p h i n c t e r  of dog D - 1 1 .  Pe r iod ic  r educ t ions  - / I87  
and weakening of t h e  pylorus were noted i n  a  hungry animal without  rocking  i n  
c o n t r o l  experiments.  Rocking caused i n t e n s i f i c a t i o n  and inc rease  i n  t h e  r a t e  
o f  reduct ions  of  py lorus ,  which i s  a l s o  maintained during t h e  a f t e r e f f e c t  f o r  
10-15 min, i . e . ,  a  p a t t e r n  was observed counter  t o  t h e  a c t i v i t y  of stomach 
musculature.  I n t e n s i f i c a t i o n  o f  py lorus  reduct ions  was observed during 
rocking a f t e r  admin i s t r a t i on  of  soda s o l u t i o n s ;  during t h e  a f t e r e f f e c t  i t s  
r educ t ion  d isp layed  the  same c h a r a c t e r i s t i c s  a s  be fo re  rocking.  

Before admin i s t r a t i on  o f  soda, t h e  amplitude and frequency of b i o e l e c t r i c  
p o t e n t i a l  f l u c t u a t i o n s  i n  t h e  nerve cords increased  dur ing  rocking,  and a  
s i g n i f i c a n t  reduct ion  i n  a c t i v i t y  f o r  s e v e r a l  minutes was observed dur ing  t h e  
a f t e r e f f e c t .  A f t e r  admin i s t r a t i on  o f  soda,  t h e  amplitude and frequency of  
b i o e l e c t r i c  p o t e n t i a l  f l u c t u a t i o n s  i n  t h e  nerve cords increased  i n s i g n i f -  
i c a n t l y  during rocking;  t h i s  i nc rease  i n  e l e c t r i c a l  a c t i v i t y  according t o  t h e  
i n d i c a t e d  parameters  was maintained f o r  s eve ra l  minutes a f t e r  t h e  s t a n d  was 
stopped. An inc rease  o r  decrease  i n  amplitude and frequency of  b i o p o t e n t i a l  
o s c i l l a t i o n s  i n  t h e  nerve cords and muscular l a y e r  of  t h e  stomach occurred  a t  
t h e  same t ime during t h e  experiment.  No c o r r e l a t i o n s  were e s t a b l i s h e d  between 
t h e  e l e c t r i c a l  a c t i v i t y  of  t h e  p y l o r i c  s p h i n c t e r  and nerve cords of t h e  
stomach i n v e s t i g a t e d  i n  our  experiments.  



Analyzing t h e  da ta  obtained, we concluded t h a t  dogs endure motion 
sickness much more e a s i l y  a f t e r  administrat ion of so lu t ions  of sodium 
hydrocarbonate. 

The p o s i t i v e  e f f e c t  of Hasegawa was a t  f i r s t  explained by d issolv ing of 
the  o t o l i t h s ,  a s  a  r e s u l t  of which much l e s s  information i s  supplied t o  t h e  
c e n t r a l  nervous system from t h e  o t o l i t h i c  apparatus during rocking than t akes  
place before administrat ion o f  t h e  soda. This author has r ecen t ly  abandoned 
t h i s  pos i t ion ,  and has introduced t h e  concept of the  ant iangiospas t ic  e f f e c t  
of sodium hydrocarbonate. C r i t i c i z i n g  t h e  views o f  Hasegawa, Ye. A. Vinnikov 
[2] indica ted  t h a t  the  o t o l i t h s  a re  not  dissolved upon administrat ion o f  t h e  
soda. However, t h i s  i s  s t i l l  not proof t h a t  the  o t o l i t h i c  mass is  not  a l t e r e d  
a f t e r  intravenous administrat ions of  soda so lu t ions .  In  order  t o  answer t h i s  
quest ion,  experiments a r e  needed on q u a n t i t a t i v e  analys is  of the  calcareous 
o t o l i t h s .  I t  is  noted i n  t h e  papers of Bladergren [ I ]  and U.  Neuman [4] t h a t  
upon intravenous administrat ion o f  sodium bicarbonate so lu t ions ,  changes a r e  
observed i n  the  r e l a t ionsh ip  of t h e  bicarbonate and phosphate b u f f e r s ,  i n  
p a r t i c u l a r  i n  t h e  increase  o f  Na2HP0 i n  t h e  blood, which leads  t o  mobiliza- 4 
t i o n  of calcium ions.  They a l s o  ind ica te  t h a t  t h e  s t r eng th  of  t h e  bond with 
calcium is  d i f f e r e n t  i n  d i f f e r e n t  t i s s u e s  of the  organism. 

The foregoing permits us t o  suggest  t h a t  intravenous administrat ion of - / I88 
sodium bicarbonate cont r ibutes  t o  washing out  calcium ions from the  o t o l i t h s  
while maintaining calcium s t a b i l i t y  i n  t h e  bony t i s s u e ,  A s  a  r e s u l t  of t h i s ,  
t h e  o t o l i t h i c  mass is diminished, which may apparently a l s o  be  the  reason f o r  
t h e  decrease i n  t h e  impulse from t h e  o t o l i t h s  when an organism i s  subjec ted  t o  
accelera t ions .  
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DEVELOPMENT OF NEW METHODS OF I N V E S T I G A T I N G  THE 
VEST1 BULAR FUNCT l ON 

THE AD1 TEST AND I T S  S I G N I F I C A N C E  FOR FUNCTIONAL 
I N V E S T I G A T I O N  AND CONDIT IONING OF THE 

VEST I BULAR ANALYZER 

A.  Kh. Min'kovskiy 

ABSTRACT. T h e  combination of q u a n t i t a t i v e  and q u a l i t a t i v e  
c h a r a c t e r i s t i c s  of vest ibulo-somatic,  vegetat ive and sen- 
sory reac t ions ,  observed as a  r e s u l t  of using measured angu- 
l a r  acce le ra t ions ,  decelera t ions  and t i l t i n g  ( the  AD1 t e s t )  
i n  various planes,  provides broad p o s s i b i l i t i e s  f o r  co r rec t  
analys is  of the functional  s t a t e  of the ves t ibu la r  analyzer .  

Since Egmond, Groin and Jongkees proposed using measured p o s i t i v e  and - /I89 
negat ive  angular  accelera t ions  ("cupulometry") t o  inves t iga te  t h e  funct ion  of  
t h e  semici rcular  canals ,  t he re  has been increased i n t e r e s t  i n  t h i s  t e s t .  

In t roduct ion  of measured acce le ra t ions  and decelera t ions  i n  t h e  p r a c t i c e  
of labyrinthology undoubtedly cont r ibuted  t o  expansion of  knowledge about t h e  
function of t h e  v e s t i b u l a r  analyzer;  however, so-ca l led  cupulometry cannot 
g ive  a  t o t a l  concept about t h e  s t a t e  of t h i s  function,  s ince  t h e  s t a t e  not  
only o f  t h e  semici rcular  canals ,  but  a l s o  of the  o t o l i t h i c  apparatus must be 
taken i n t o  account. 

In 1958, we proposed a  method of inves t iga t ing  the  function of t h e  
v e s t i b u l a r  analyzer  by applying acce le ra t ions ,  decelera t ions  and i n c l i n a t i o n s  
( i n  t h e  f r o n t a l  and s a g i t t a l  planes) -- t h e  AD1 t e s t .  Due t o  i n c l i n i n g  t h e  
c h a i r ,  v a r i a t i o n  i n  the  d i r e c t i o n  o f  g rav i t a t iona l  accelera t ion  develops i n  
t h e  t e s t  sub jec t ,  which as we know i s  one of t h e  adequate s t i m u l i  f o r  t h e  
o t o l i t h i c  apparatus, inc l ina t ions  i n  t h e  s a g i t t a l  plane ( i  . e  . forward and 
backward) determining t h e  predominant v a r i a t i o n  i n  t h e  pos i t ion  of  the  
u t r i c u l a r  o t o l i t h s ,  and inc l ina t ions  i n  the  f r o n t a l  plane ( i . e .  t o  the  r i g h t  
and l e f t )  determine v a r i a t i o n  i n  t h e  pos i t ion  of t h e  saccular  o t o l i t h s .  
This p r i n c i p l e  advanced by Quicks i n  t h e  1920's was applied by us i n  1939 t o  
s tudy g a i t  ("u t r icular"  and "saccular" g a i t ) .  

The comb i n a t  ion  of  measured accelera t ions  and decelera t ions  with measured 
i n c l i n a t i o n s  o r  without them i s  apparently t h e  most complete method a t  present  
i n  s tudying t h e  e f f e c t  of  various angular accelera t ions  and Cor io l i s  acce le r -  
a t ions  on t h e  function of the  v e s t i b u l a r  analyzer .  



In 1958, a  c h a i r  was cons t ruc ted  according t o  our  t e c h n i c a l  requirements ,  
with t h e  h e l p  o f  which we could achieve measured angular  a c c e l e r a t i o n s  wi th in  / I90  
the  range from 0.05 t o  25.6 deg/sec2 and angular  v e l o c i t i e s  from 2 t o  
180 deg/sec, and a l s o  i n c l i n a t i o n s  i n  t h e  f r o n t a l  and s a g i t t a l  p lanes  a t  a  
r a t e  o f  approximately 4 deg/sec. 

The u s e  o f  only i n c l i n a t i o n s  o f  t h e  c h a i r ,  o r  only of measured r o t a t i o n s ,  
o r  of  combinations of them ( i . e .  r o t a t i o n s  and i n c l i n a t i o n s  s imultaneously)  
makes it p o s s i b l e  t o  s tudy  both t h e  s e p a r a t e  and t o t a l  e f f e c t  o f  t h e s e  s t i m u l i  
on d i f f e r e n t  p a r t s  o f  t h e  v e s t i b u l a r  ana lyzer .  The e f f e c t s  of  d i f f e r e n t  
v a r i a n t s  o f  C o r i o l i s  acce l e ra t ions  may a l s o  be s tud ied  us ing  t h i s  method. 

The l a t e s t  models of t h i s  type  o f  c h a i r  d i f f e r  s i g n i f i c a n t l y  by a  much 
wider range of  p o s s i b l e  angular  a c c e l e r a t i o n s ,  angular  v e l o c i t i e s  and i n c l i n -  
a t i o n s ;  improvements have a l s o  been made i n  t h e  automatic c o n t r o l  of  t h e  c h a i r  
( G .  S.  Chernorutskiy and A. P. S i b r i n ) .  

During t h e  pe r iod  1959-1965, numerous s t u d i e s  conducted with t h e  h e l p  of.- 
t h e  new type  c h a i r  were c a r r i e d  out i n  t h e  ves t ibu lome t r i c  l a b o r a t o r y  of t h e  
Department o f  Otorhinolaryngology a t  t h e  Chelyabinsk Medical I n s t i t u t e .  The 
method used t o  s tudy  t h e  func t ion  of  t h e  o t i c  l aby r in th  made i t  p o s s i b l e  t o  
r e s o l v e  a number of  problems important f o r  t h e o r e t i c a l  and p r a c t i c a l  l abyr in-  
thology. I n  p a r t i c u l a r ,  values of t h re sho ld  s t i m u l i  were r e f i n e d  f o r  
ves t ibu losensory  r e a c t i o n s ,  it t u r n i n g  ou t  t h a t  they  may be  very  low: 
0.05 deg/sec2, i n  d i s t i n c t i o n  from th re sho lds  of  nys tagmic development : 
6.4 deg/sec2 [I, 3-16] . 

The d i s t i n c t i v e  and most important c h a r a c t e r i s t i c  o f  t h e  s t u d i e s  
conducted i n  t h e  new type  c h a i r  i s  t h e  p o s s i b i l i t y  of q u a n t i t a t i v e  and 
o b j e c t i v e  record ing  of  ves t ibu lo-somat ic  and ves t ibu lo -vege ta t ive  r e a c t i o n s  by 
means o f  sensors  connected by con tac t  r i n g s  and subsequent ly t o  t h e  record ing  
device.  The presence of a  r o t a t i n g  device  may provide simultaneous record ing  
of  20 d i f f e r e n t  r e a c t i o n s .  

In  a  number of papers  which we completed during t h e  pe r iod  1959-1965 
j o i n t l y  wi th  Professor  V. V. Skryabin [8-131, e x t e r n a l  r e s p i r a t i o n  was s tud ied  
during s t i m u l a t i o n  o f  t h e  o t o l i t h i c  appara tus ,  which was achieved by i n c l i n i n g  
t h e  c h a i r  i n  t h e  f r o n t a l ,  and some t ime l a t e r  i n  t h e  s a g i t t a l  p lane  ( i n c l i n -  
a t i o n s  i n  each o f  t h e s e  p lanes  were c a r r i e d  ou t  f o r  two minutes) .  Resp i r a t ion  
was recorded s imultaneously with t h e  t i l t i n g  by t h e  method of spirography 
us ing  a  metabolimeter with ink record ing .  A s  a  r e s u l t  o f  s t u d i e s  made on 
35 s u b j e c t s  (17 were hea l thy  and 18 had d i s r u p t i o n s  i n  t h e  func t ion  o f  t h e  
middle o r  i n n e r  e a r ) ,  it developed t h a t  r e s p i r a t i o n  r a t e  d i d  not  vary ,  and 
depth of r e s p i r a t i o n  increased  no t i ceab ly ,  i n  t h e  ma jo r i t y  o f  h e a l t h y  s u b j e c t s  
when t h e y  were t i l t e d  i n  t h e  s a g i t t a l  p lane .  When they were t i l t e d  i n  t h e  
f r o n t a l  p lane ,  t h e  r e s p i r a t i o n  r a t e  of  almost h a l f  t h e  s u b j e c t s  i nc reased ,  and 
t h e  depth o f  r e s p i r a t i o n  i n  most s u b j e c t s  a l s o  increased .  Var ia t ions  i n  /191 
r e s p i r a t i o n  were expressed somewhat more weakly i n  wel l  condi t ioned s u b j e c t s  
( a t h l e t e s ) .  Thus, a s  a  r e s u l t  of t h e  s t u d i e s  conducted, we can hypothesize 



about  t h e  presence o f  a  func t iona l  i n t e r r e l a t i o n s h i p  between t h e  r ecep to r s  of  
t h e  o t o l i t h i c  appara tus  and r e s p i r a t i o n .  

Our co l league  V. M.  Bagmanov proposed, i n  1964, a  new method of 
i n v e s t i g a t i n g  pu l se  during t h e  e f f e c t  of  angular  and C o r i o l i s  a c c e l e r a t i o n s  
vary ing  i n  va lue  and d i r e c t i o n  -- micropulsography. Time markers i n  seconds 
were rece ived  on t h e  pulsogram from t h e  beginning of t h e  e f f e c t  of angular  
a c c e l e r a t i o n  u n t i l  i t s  t e rmina t ion .  Var ia t ions  i n  pu l se  were c a l c u l a t e d  f o r  
each second of t h e  e f f e c t  of  angular  ac@&le ra t ion ,  and a  "microphotographtt 
a s  i t  were of  t h e  pu l se  was obta ined .  An inc rease  i n  pu l se  r a t e  was preva len t  
dur ing  t h e  e f f e c t  of Cor io l i s  a c c e l e r a t i o n ,  and a  decrease i n  pu l se  r a t e  was 
noted  during the  e f f e c t  of nega t ive  angular  acce l e ra t ions .  Af t e r  t h e  e f f e c t  
of  C o r i o l i s  a c c e l e r a t i o n  had ceased, a  decrease  i n  pulse  r a t e  was observed i n  
most t e s t  s u b j e c t s .  I f  pu l se  r a t e  be fo re  t h e  beginning of  t h e  a f f e c t  of  
angular  a c c e l e r a t i o n s  was 100 b e a t s  pe r  minute, which corresponded t o  t h e  
upper l i m i t  of t h e  range of f l u c t u a t i o n s  i n  pu l se  r a t e ,  a t  t h e  beginning of  
t h e  e f f e c t  of angular  a c c e l e r a t i o n  a  decrease  i n  pulse  r a t e  was observed, 
which was independent of  t he  r a t e  o f  angular  acce l e ra t ion .  I f  pu l se  r a t e  was 
50-60 bea t s  pe r  minute ( t he  lower l i m i t  of t h e  range of  f l u c t u a t i o n s  i n  pu l se  
r a t e ) ,  then  an inc rease  i n  pu l se  r a t e  was noted i n  a l l  s u b j e c t s  a t  t h e  
beginning o f  angular  a c c e l e r a t i o n .  

Study of t h e  ex t en t  of oxygen s a t u r a t i o n  of  t h e  a r t e r i a l  blood dur ing  
v a r i a t i o n  i n  t he  func t iona l  s t a t e  o f  t h e  o t o l i t h i c  apparatus ,  i . e .  during 
t i l t i n g  i n  t h e  f r o n t a l  and s a g i t t a l  p l anes ,  was c a r r i e d  out by us  j o i n t l y  with 
Professor  V. V. Skryabin. A drop was observed i n  t h e  oxygen content  i n  t h e  
a r t e r i a l  blood, and was more p e r s i s t e n t  upon s t imu la t ion  of  t h e  u t r i c u l u s .  
The r a t e  o f  blood flow during s t imu la t ion  of  t h e  o t o l i t h i c  apparatus  increased  
i n  most sub j  e c t  s , which apparent ly  i n d i c a t e s  t he  adapt ing n a t u r e  o f  t h i s  
r e a c t i o n .  A decrease  i n  t h e  r a t e  of  blood flow and a  decrease i n  oxygen 
s a t u r a t i o n  of  a r t e r i a l  blood below 84% was noted i n  sub jec t s  poor ly  r e s i s t a n t  
t o  s e a  r o l l i n g  [8-121 . 

Varia t ions  were de t ec t ed  i n  t h e  oxygenation and r a t e  o f  blood flow 
(A. Kh. Min'kovskiy and V. V .  Skryabin) dur ing  app l i ca t ion  of  p o s i t i v e  and 
nega t ive  angular  a c c e l e r a t i o n s ,  a  decrease o r  i nc rease  i n  blood flow be ing  
d e t e c t e d  dur ing  a p p l i c a t i o n  o f  p o s i t i v e  angular  a c c e l e r a t i o n s .  S t ab le  oxygen- 
a t i o n  and an inc rease  i n  t h e  r a t e  of  blood flow were observed i n  a t h l e t e s  
under t h e  e f f e c t  of  p o s i t i v e  angular  acce l e ra t ion ;  a  decrease i n  t h e  r a t e  of 
blood flow was o f t e n  observed during nega t ive  angular  a c c e l e r a t i o n .  

The s t a t e  of  oxygenation due t o  t h e  e f f e c t  of  d i f f e r e n t  r a t e s  of angu la r  / I92  
a c c e l e r a t i o n s  may be evaluated a s  s t a b l e  and s l i g h t l y  d i s r u p t i v e  [8-121. 

T. A. Nadimova s tud ied  t h e  sensory th re sho lds  of  t h e  e x c i t a b i l i t y  of  t h e  
o t o l i t h i c  appara tus ,  and th re sho lds  i n  sens ing  t i l t i n g  i n  t h e  f r o n t a l  and 
s a g i t t a l  p l anes .  I t  was shown t h a t  t hese  th re sho lds  a r e  no t  always i d e n t i c a l  
f o r  t h e  f r o n t a l  and s a g i t t a l  p l anes .  I f  t h e r e  were a  change i n  t h e  func t iona l  
s t a t e  of  t h e  o t o l i t h s  of t he  sacculus  (which was achieved by t i l t i n g  i n  t h e  
f r o n t a l  p l ane ) ,  t h e  s ensa t ion  o f  t i l t i n g  developed more r ap id ly  i n  some 



s u b j e c t s  ( i , e .  wi th in  2-15 s e c ) ,  than  dur ing  v a r i a t i o n  i n  t h e  func t iona l  s t a t e  
of  t h e  o t o l i t h s  of  t h e  u t r i c u l u s  ( t i l t i n g  i n  t h e  s a g i t t a l  p l a n e ) ,  when t h e  
sensa t ion  o f  r o t a t i o n  developed wi th in  t h e  range of  2-25 sec .  Study o f  t h e  
q u a l i t a t i v e  and q u a n t i t a t i v e  c h a r a c t e r i s t i c s  of o t o l i t h i c - s e n s o r y ,  o t o l i t h i c -  
somatic  and o t o l i t h i c - v e g e t a t i v e  r e f l e x e s  i n  combination wi th  s tudy  of  
cupulosensory, cupulosomatic and cupulovegetat ive r e f l e x e s  g ives  a  more 
t o t a l  concept about t h e  func t iona l  s t a t e  o f  t h e  v e s t i b u l a r  ana lyzer .  A s  a  
r e s u l t  o f  s t u d i e s  which we conducted, we can consider  t h a t  s u b j e c t s  who 
undergo t h e  e f f e c t  of nega t ive  angular  a c c e l e r a t i o n s  wel l  r a r e l y  s u f f e r  
v e r t i g o  o r  o t h e r  symptoms of discomfort during r ap id  movement, changes i n  
v e l o c i t i e s  o r  d i r e c t i o n  i n  motion, l oca t ion  a t  a l t i t u d e s ,  and r a p i d  a scen t s  
and descen t s .  

I t  was undoubtedly of i n t e r e s t  t o  s tudy  C o r i o l i s  a c c e l e r a t i o n  by t h e  AD1 
method. Nystagmus developing a s  a  r e s u l t  of t he  e f f e c t  of C o r i o l i s  fo rces  
d i f f e r s  from t h a t  developing during s t i m u l a t i o n  of  t h e  semic i r cu la r  cana ls  
[14-161. 

Yu. V. Tatukov, A. L. Lobanov and G .  I .  Chevychalov used t h e  AD1 method 
t o  s tudy  v a r i a t i o n s  i n  l a b y r i n t h  r eac t ions  i n  s u b j e c t s  undergoing d i f f e r e n t  
types  of  a t h l e t i c  condi t ion ing .  The d a t a  obtained by these  au thors  permi ts  us 
t o  conclude t h a t  t h e  AD1 t e s t  i s  u se fu l  i n  c o n t r o l l i n g  t h e  s t a t e  o f  t h e  
v e s t i b u l a r  analyzer  i n  s u b j e c t s  undergoing a t h l e t i c  t r a i n i n g .  

Analysis of electronystagmograms i s  q u i t e  complex, because u n t i l  now 
t h e r e  has been no s i n g l e  method o f  i n t e r p r e t i n g  t h e  d a t a  obta ined .  For t h i s  
purpose we have proposed t h e  p r i n c i p l e  based on determining t h e  l a t ency  (L) 
pe r iod  of nystagmus ( i n  seconds) ,  amplitude (A) o f  t h e  f a s t  component ( i n  
microvol t s )  , of t h e  slow (M) component, dura t ion  (P) l and frequency o f  
nystagmus and a c c e l e r a t i o n  @) (v i sua l  ana lys i s  o f  t h e  e f f e c t  of  angular  
a c c e l e r a t i o n ) ,  and t h e  number of  nystagmic pulses  (LAMPA). This  i n t e g r a l  
index (LAMPA) should b e  ca l cu la t ed  f o r  each va lue  of  angular  a c c e l e r a t i o n  
appl ied ,  f o r  example, f o r  an angular a c c e l e r a t i o n  of 6 .4,  12.8 deg/sec2,  e t c .  
B .  B .  Sharov ca l cu la t ed  t h e  fol lowing va lues  o f  LAMPA components f o r  angular  - / I 93  
a c c e l e r a t i o n  of  12.8 deg/sec2 (7-8 sec )  : L = 0.12 sec ,  A = 120-230 uv, 
M = 0.37-0.2 sec ,  P = 35-50 sec ,  and A = 120-140 nystagmic impulses p e r  
minute.  The f i g u r e s  presented  should b e  regarded a s  average va lues ,  because 
some dev ia t ion  may be observed both i n  t h e  d i r e c t i o n  of  an i n c r e a s e  and i n  t h e  
d i r e c t i o n  of  a  decrease.  

Ye. A.  Kupryashkin [4] r epo r t ed  o s c i l  lographic  v a r i a t i o n s  i n  sub j  e c t s  
dur ing  va r ious  angular  acce l e ra t ions .  He showed t h a t  most s u b j e c t s  displayed 
a  decrease  i n  maximum and average dynamic and minimum o s c i l l a t o r y  p re s su re  
during t h e  e f f e c t  of  nega t ive  subthreshold angular  a c c e l e r a t i o n ,  and t h e s e  
i n d i c e s  d i d  no t  vary i n  most s u b j e c t s  during t h e  e f f e c t  o f  p o s i t i v e  sub- 
t h re sho ld  angular  a c c e l e r a t i o n .  Under t h e  e f f e c t  of p o s i t i v e  and nega t ive  

M: from Russian "medlennyy," slow; P: from Russian "prodolzhi te l  ' n o s t '  , I t  

dura t ion .  Le t t e r s  M and P used t o  form index word "LAMPA" - -  Tr .  



angular  a c c e l e r a t i o n  o f  h ighe r  va lue ,  t h e r e  was a  decrease i n  t h e  maximum and 
average dynamic and minimum o s c i l l a t o r y  p re s su re .  

A s ix -yea r  s tudy  (1959-1965), conducted i n  t h e  ves t ibu lome t r i c  l abo ra to ry  
o f  t h e  Department of Otorhinolaryngology a t  t h e  Chelyabinsk Medical I n s t i t u t e ,  
permi ts  us t o  cons ider  t h a t  t h e  AD1 t e s t  i s  t o t a l l y  compatible wi th  r e q u i r e -  
ments s e t  f o r t h  at p re sen t  f o r  p r e c i s e  and d e t a i l e d  'tmicroscopytt o f  l a b y r i n t h  
r e a c t i o n s .  Combination of  q u a n t i t a t i v e  and q u a l i t a t i v e  c h a r a c t e r i s t i c s  o f  
ves t ibu lo-somat ic ,  ves t ibu lo -vege ta t ive ,  and a l s o  of ves t ibu losensory  
r e a c t i o n s ,  observed during app l i ca t ion  of measured angular  a c c e l e r a t i o n s ,  
d e c e l e r a t i o n s  and t i l t i n g  i n  d i f f e r e n t  p lanes ,  p re sen t s  broad p o s s i b i l i t i e s  
f o r  c o r r e c t  a n a l y s i s  o f  t h e  f u n c t i o n a l  s t a t e  of  t h e  v e s t i b u l a r  ana lyze r .  

The s i g n i f i c a n c e  of t h e  AD1 t e s t  f o r  condi t ion ing  purposes i n  c l i n i c a l  o r  
a t h l e t i c  p r a c t i c e  c o n s i s t s  i n  t h e  f a c t  t h a t  s e l e c t i v e  and adequate e f f e c t s ,  
d i f f e r i n g  i n  a  q u a n t i t a t i v e  and q u a l i t a t i v e  a spec t ,  may be  used a s  d e s i r e d  
f o r  var ious  p a r t s  of  t h e  v e s t i b u l a r  ana lyzer ,  depending on t h e  n a t u r e  o f  t h e  
i l l n e s s  o r  t h e  type  o f  a t h l e t i c  condi t ion ing .  
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CERTAl N REFLEXES OF THE SEM l C l  RCULAR CANALS 
WITH RESPECT TO PROFESS l ONAL SELECT l ON AND EVALUAT l ON 

OF FLIGHT PERSONNEL 

V .  I .  Babiyak 

ABSTRACT. The author  proposes i nves t iga t ing  the v e s t i b u l a r  
func t ion  w i t h  the  help of p o s i t i v e  and negat ive angular  
a c c e l e r a t i o n s  of 20  deg/sec2. A d e f i n i t e  r e l a t i o n s h i p  was 
discovered between i l l u s i o n s  and nystagmus. The phase 
na tu re  of v a r i a t i o n s  i n  the  i nd ica to r s  analyzed i s  emphasized. 

Flying under complex weather condi t ions  c r e a t e s  favorable  condi t ions  f o r  
development of  s p a t i a l  s ensa t ions  i n  p i l o t s .  These sensa t ions  may be  t h e  
reason f o r  t o t a l  l o s s  of s p a t i a l  o r i e n t a t i o n  and f l y i n g  acc iden t s .  

Most au tho r s  [ l -51 acknowledge t h e  s i g n i f i c a n t  r o l e  of t h e  v e s t i b u l a r  
ana lyzer  i n  forming var ious  i l l u s o r y  sensa t ions ;  however, t h e  mechanism o f  
t h e i r  development has  not  y e t  been explained.  

One o f  t h e  reasons f o r  t h i s  s i t u a t i o n  i s  i n s u f f i c i e n t  ob jec t ive  a n a l y s i s  
o f  ves t ibu losensory  r e a c t i o n s  and imperfect ion of  c e r t a i n  r o t a t i o n a l  t e s t s  
( t h e  Barani t e s t ) ,  which can no longer  s a t i s f y  modern requirements of 
ves t ibu lo logy .  

In  our  opinion (K. L .  Khilov and co l leagues) ,  t h e  s e v e r i t y  of de fens ive  
ves t ibu lo-somat ic  r e f l e x e s  is  determined by t h e  func t iona l  s t a t e  of  t h e  
c o r t i c a l  reg ion  of t h e  ana lyzer ;  t h e r e f o r e ,  recording of  t h e  corresponding 
somatic  r e f l e x e s  must be  provided f o r  ob jec t ive  a n a l y s i s  of sensory ( c o r t i c a l )  
r e a c t i o n s .  

These ideas  s t imula ted  us  i n  t u rn ing  t o  t h e  s tudy  of t h e  i l l u s o r y  
sensa t ions  of a  v e s t i b u l a r  n a t u r e  us ing  new methods, namely: applying 
s t r i c t l y  measured r o t a t i o n  with simultaneous record ing  of  nystagmus (by t h e  
electronystagmography method) and s u b j e c t i v e  readings  of t he  t e s t  s u b j e c t s  (by 
means of  photo record ing) .  

The r o t a t i o n  method cons i s t ed  o f  t h e  fol lowing:  angu'lar a c c e l e r a t i o n  a t  
a  cons tan t  r a t e  (+ 20 deg/sec2)  f o r  4 s e c ,  and a  pe r iod  of uniform r o t a t i o n  
f o r  3 min. A t o t a l  o f  115 hea l thy  sub jec t s  ranging i n  age from 16 t o  
36 yea r s ,  p r i m a r i l y  males, who had previous ly  undergone no v e s t i b u l a r  
condi t ion ing ,  were s t u d i e d .  

The dynamics of v e s t i b u l a r  r e a c t i o n s  was developed i n  t h e  fol lowing 
manner: app ropr i a t e  sensory and nystagmic r eac t ions  developed i n  t h e  s u b j e c t s  



a t  t h e  beginning of r o t a t i o n .  Af t e r  a  c e r t a i n  t ime,  d i f f e r e n t  f o r  d i f f e r e n t  
s u b j e c t s ,  t h e s e  r eac t ions  disappeared,  and t h e  i l l u s i o n  of  "immobilityft  
developed. Seventy-three s u b j e c t s  (assigned t o  t h e  t h i r d  group) d i sp l ayed  no 
f u r t h e r  s ensa t ions  upon cont inua t ion  o f  uniform r o t a t i o n  u n t i l  r o t a t i o n  was 
stopped, and t h e  remaining 42 s u b j e c t s  displayed a  new i l l u s o r y  sensa t ion ,  
smooth r o t a t i o n  i n  a  d i r e c t i o n  oppos i t e  t h a t  of  r e a l  r o t a t i o n ,  on t h e  back- 
ground of  uniform r o t a t i o n .  I n  17 ( f i r s t  group) o f  t h e  ind ica t ed  42 s u b j e c t s ,  
t h e  i l l u s i o n  was repeated twice  dur ing  three-minute uniform r o t a t i o n ,  and 
t h i s  s t a t e  developed only  once i n  25 s u b j e c t s  (second group) .  

I l l u s o r y  sensa t ions  of r o t a t i o n  i n  most s u b j e c t s  had a  d ive r se  q u a l i t a -  
t i v e  aspec t  -- swaying, r o l l i n g ,  e t c .  -- and a l l  t h i s  on t h e  background of  
o v e r a l l  d i r e c t e d  v e r t i g o .  

Nystagmogram d a t a  of t h e  ind ica t ed  42 s u b j e c t s  showed t h a t  dur ing  uniform 
r o t a t i o n ,  nystagmic r eac t ion ,  co inc id ing  i n  d i r e c t i o n  with t h a t  o f  v e r t i g o ,  
developed wi th  t h e  appearance o f  i l l u s o r y  sensa t ion .  For example, i f  it 
seemed t o  t h e  sub jec t  t h a t  h e  was r o t a t i n g  t o  t h e  l e f t  (while a c t u a l l y  
r o t a t i n g  t o  t h e  r i g h t ) ,  t h e  r a p i d  component of nystagmus was d i r e c t e d  t o  t h e  
l e f t .  

Analysis o f  t h e  o r a l  r e p o r t  of t h e  sub jec t  and of  nystagmograms i n d i c a t e d  
t h a t  each subsequent i l l u s o r y  sensa t ion  and t h e  nystagmus accompanying it / 196 
vary  t h e i r  d i r e c t i o n  by 180' with r e s p e c t  t o  preceding v e s t i b u l a r  r e a c t i o n s ;  
consequently,  t h e s e  r e a c t i o n s  a r e  of  a  phase na tu re ,  and s i n c e  they  develop 
whether o r  no t  t h e r e  a r e  a c c e l e r a t i o n s  (during uniform r o t a t i o n ) ,  t h e y  may be  
cha rac t e r i zed  a s  inadequate  f o r  t h e  v e s t i b u l a r  ana lyzer .  

Apparently t h e s e  pa radox ica l ly  developing r e a c t i o n s  a r e  t h e  r e s u l t  o f  
imperfec t ion  of  c e n t r a l  neurodynamic processes  which p a r t i c i p a t e  i n  r e g u l a t i o n  
of  t h e  ana lyze r  func t ion .  

Resul t s  o f  t h e  i n v e s t i g a t i o n  (Table 1)  i n d i c a t e  t h a t  along with s i g n i f -  
i c a n t  i n d i v i d u a l  f l u c t u a t i o n  i n  du ra t ion  of t h e  i l l u s i o n  and nyqtagmus t h e r e  
i s  c l o s e  -agreement between them. 

Thus, nystagmic r eac t ion ,  developing j o i n t l y . w i t h  an i l l u s o r y  sensa t ion ,  
may i n  t h i s  c a s e  be  an ob jec t ive  i n d i c a t o r .  

The appearance of phase s t a t e s  made it poss ib l e  t o  hypothesize t h a t  t hey  
have a  s i g n i f i c a n t  e f f e c t  on t h e  s e v e r i t y  of  p o s t - r o t a t i o n a l  r e a c t i o n s ,  which 
i s  r e f l e c t e d  i n  t h e  accuracy o f  analyzing t h e  r e s u l t s ,  considered du r ing  
p r o f e s s i o n a l  s e l e c t i o n  and eva lua t ion ,  conducted by t h e  r o t a t i o n  method. 

The mechanism o f  t h e  e f f e c t  o f  phase s t i m u l i  which develop pa radox ica l ly  
dur ing  uniform r o t a t i o n  on p o s t - r o t a t i o n a l  r e a c t i o n s  i s  a s  fol lows:  i f  t h e  
d i r e c t i o n  of paradoxica l  r e f l e x e s  ( v e r t i g o  and nystagmus) co inc ides  with t h a t  
o f  p o s t - r o t a t i o n a l  r e f l e x e s ,  t h e  l a t t e r  a r e  i n t e n s i f i e d ;  on t h e  o t h e r  hand, i f  
t h e  r e f l e x e s  o f  i n t e r a c t i n g  s t i m u l i  a r e  mutually opposed, p o s t - r o t a t i o n a l  
r e a c t i o n s  a r e  weakened. These s i t u a t i o n s  a r e  confirmed by the  second s tudy  



conducted on t h e  same groups according t o  t h e  fol lowing method. The va lue  and 
t ime of  t h e  e f f e c t  of angular  a c c e l e r a t i o n  i s  t h e  same (+20 deg/sec2 every - / I97  
4 s e c ) .  The v a r i a b l e  va lue  was t h e  t ime of  uniform r o t a t i o n ,  which was equal  
i n  each ind iv idua l  experiment t o  25, 60, 120 and 180 sec .  Under t h e s e  
condi t ions  t h e  p o s s i b i l i t y  was c r e a t e d  f o r  i n t e r a c t i o n  of  p o s t - r o t a t i o n a l  
r e f l e x e s  with phase s t i m u l i  a t  va r ious  t imes from the  beginning of r o t a t i o n .  

Analysis  o f  comparative d a t a  of  nystagmograps on t h r e e  groups of  s u b j e c t s  
(Table 2) showed t h a t  t h e  above-indicated paradoxical  r e a c t i o n s  s i g n i f i c a n t l y  
a f f e c t  t h e  du ra t ion  of p o s t - r o t a t i o n a l  nystagmus and t h e  sensa t ion  of  counter-  
r o t a t i o n .  I t  i s  obvious from t h e  d a t a  of  Table 2 t h a t  t h e  more severe  v a r i -  
a t i o n s  i n  du ra t ion  of postnystagmus began i n  s u b j e c t s  o f  t h e  f i r s t  group 
(17 s u b j e c t s ) ,  were l e s s  expressed i n  t h e  second group (25 s u b j e c t s )  and were 
not  expressed i n  t h e  t h i r d  group (42 s u b j e c t s ) .  

T A B L E  1 .  NYSTAGMIC A N D  I L L U S O R Y  REACTIONS D U R I N G  VESTIBULAR 
ST I MULAT l O N  

-- 

Tr.  Note: Commas i n d i c a t e  decimal po in t s .  

T A B L E  2 .  COMPARATIVE A N A L Y S I S  OF NYSTAGMOGRAMS 

Tr.  Note: Commas ind rca t e  decimal po in t s .  



Simultaneous a n a l y s i s  of  t h e  conf igura t ion  of nystagmograms showed t h a t  
when t h e  d i r e c t i o n  of  paradoxica l  and p o s t - r o t a t i o n a l  nystagmus co inc ides ,  
t h e  l a t t e r  was more prolonged t h a t  t h e  r o t a t i o n a l  nystagmus corresponding t o  
it. I n t e r a c t i o n  of nystagmus when t h e i r  d i r e c t i o n  i s  mutual ly opposed caused 
a  decrease i n  dura t ion  of pos t - ro t a t iona l  nystagmus. 

The g r e a t e s t  express ion  of dependence revealed was noted i n  s u b j e c t s  of 
t h e  f i r s t  group. Thus, a t  an average va lue  i n  du ra t ion  o f  r o t a t i o n a l  
nystagmus equal t o  30 s e c ,  du ra t ion  of  postnystagmus on t h e  average increased  
t o  35 s e c  ( t  4.0) i n  t h e  case  of i n t e r a c t i o n  o f  concommitant r e a c t i o n s ;  t h e  
dura t ion  of postnystagmus decreased t o  2 1  s e c  ( t  7 .0)  upon i n t e r a c t i o n  o f  
a n t a g o n i s t i c  s t i m u l i .  

This c h a r a c t e r i s t i c  was l e s s  expressed i n  t h e  second group, and not  119) 
expressed a t  a l l  i n  t h e  t h i r d  group. 

The foregoing permits  us  t o  conclude t h a t  us ing  t h e  method o f  measured 
s t imu la t ion  o f  t h e  v e s t i b u l a r  ana lyzer  i n  combination with record ing  of 
sensory and nystagmic r e f l e x e s  has made it poss ib l e  t o  d e f i n e  a  group of 
sub jec t s  (17 of 115 s u b j e c t s ) ,  s u s c e p t i b l e  t o  formation o f  r epea t ed  i l l u s o r y  
r e a c t i o n s .  Such a  s t a t e  o f  t h e  v e s t i b u l a r  analyzer  i s  determined a s  an 
express ion  of  ves t ibu losensory  i n s t a b i l i t y ,  apparent ly  caused by an 
imperfect ion i n  r e g u l a t i o n  of i t s  func t ions  on t h e  p a r t  o f  t h e  h ighe r  branches 
of t h e  c e n t r a l  nervous system. The paradoxica l  r e a c t i o n s  which develop dur ing  
t h i s  s t a t e  apparent ly  have as t h e i r  b a s i s  known mechanisms of  i r r a d i a t i o n  and 
concent ra t ion  of  s t imu la t ion ,  and r e l a t e d  phenomena o f  s p a t i a l  and time- 
s equen t i a l  i nduc t ion .  I n  t h i s  regard ,  primary s t i m u l a t i o n  of  t h e  v e s t i b u l a r  
apparatus  by an adequate s t imulus  ( p o s i t i v e  angular  a c c e l e r a t i o n )  may be 
regarded as t h e  t r i g g e r i n g  mechanism of r e a c t i o n s ,  which develop during 
subsequent uniform r o t a t i o n .  

The second group (25 s u b j e c t s )  i s  a  t r a n s i t i o n a l  l i n k  between t h e  f i r s t  
and t h i r d  groups, and apparent ly  does no t  r e q u i r e  such c l o s e  a t t e n t i o n  of  t h e  
medical commission during p ro fe s s iona l  s e l e c t i o n  a s  t h a t  r equ i r ed  by t h e  first  
group. Personnel making up t h e  t h i r d  group (73 s u b j e c t s )  were regarded a s  
s t a b l e  i n  a  ves t ibu losensory  r e s p e c t .  

The use of  i l l u s o r y  sensa t ions  i n  t h e  s tudy  wi th  simultaneous record ing  
o f  nystagmus ind ica t ed  t h a t  electronystagmography under condi t ions  of  t h e  
types  of r o t a t i o n  proposed may b e  a  r e l i a b l e  ob jec t ive  i n d i c a t o r  o f  i l l u s o r y  
r e a c t i o n s ,  which may apparent ly b e  appl ied f o r  purposes of  t h e  eva lua t ion  of 
f l i g h t  personnel .  

Use of t h e  ind ica t ed  method i n  d iscover ing  t h e  dependence o f  pos t -  
r o t a t i o n a l  r e a c t i o n s  on phase s t imu la t ions ,  no t  y i e l d i n g  t o  c a l c u l a t i o n  by t h e  
Barani t e s t  and c e r t a i n  o t h e r s ,  expla ins  t he  s i g n i f i c a n t  d i f f e r e n c e  between 
r e s u l t s  of  d i f f e r e n t  authors  who determined time c h a r a c t e r i s t i c s  o f  pos t -  
r o t a t i o n a l  r e a c t i o n s .  



The s t u d i e s  c a r r i e d  out i n d i c a t e  t h e  t ime l ines s  o f  u s ing  new methods 
capable  of providing c a l c u l a t i o n  of paradoxica l  r e a c t i o n s  which develop dur ing  
uniform r o t a t i o n ,  In  t h i s  regard t h e  method used may be suggested a s  a  b a s i s  
f o r  developing new electsonystagmographic methods t o  s tudy t h e  v e s t i b u l a r  
ana lyzer  by the  r o t a t i o n  method. 
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ANALYZING THE R A P I D  COMPONENT OF NYSTAGMUS 
I N  NYSTAGMOGRAPHIC I N V E S T I G A T I O N S  

M. M. Levashov 

ABSTRACT. The na ture  of the  rapid component of nystagmus i s  
inves t iga ted  with the  help of photonystagmography. An at tempt  
i s  made t o  g ive  the  q u a n t i t a t i v e  c h a r a c t e r i s t i c s  of t he  rapid 
oomponent of nystagmus. It i s  proved t h a t  t he  rapid component 
depends on a f f e r e n t  pu l sa t ion  of the  ampullar apparatus  and 
may se rve  a s  a  va luable  i n d i c a t o r  of t he  dynamics of t h e  
cupula.  For t o t a l  ana lys i s  of one cyc le  of nystagmus, i t  i s  
recommended t h a t  the  average harmonic v e l o c i t y  of the  rapid 
and slow phases be used. 

Ves t ibu lar  nystagmus of  t h e  eyes i s  one o f  t h e  more important o b j e c t i v e  
ves t ibu lo-somat ic  r e a c t i o n s  by which, t o  one degree o r  another ,  it i s  p o s s i b l e  
t o  analyze t h e  v e s t i b u l a r  func t ion  i n  t h e  c l i n i c  and i n  experiments.  Despi te  
t h e  f a c t  t h a t  nystagmus has  been known from t h e  t ime of  Purk in je ,  it i s  no t  
p o s s i b l e  a t  p re sen t  t o  cons ider  it thoroughly s tud ied .  Thus, i n  p a r t i c u l a r ,  
t h e r e  i s  no s i n g l e  opinion about t h e  genes is  o f  t h e  r a p i d  component, o r  about 
t h e  f a c t  whether t h e  r a p i d  component i s  only a  pas s ive  compensatory phase 
which develops i n  response t o  monitoring t h e  eyes during t h e  slow component, 
o r  whether it is  r e l a t e d  t o  a f f e r e n t  p u l s a t i o n ,  fed  from t h e  r e c e p t o r .  The 
answer t o  t h i s  ques t ion  should be  f i r s t  of a l l  sought i n  c a r e f u l  a n a l y s i s  of 
nystagmographic d a t a .  Some s t u d i e s  provide i n d i r e c t  evidence counter  t o  t h e  
pas s ive  na tu re  of t h e  r a p i d  component [6, 101. 

The method of photographic recording o f  nystagmus [ l -51 developed by us 
has made it p o s s i b l e  t o  r e v e a l  p r i n c i p l e s  i nhe ren t  t o  t h e  r a p i d  component, and 
which i n d i c a t e  t h a t  t h e  r a p i d  component i s  d i r e c t l y  a f f e c t e d  by a f f e r e n t a t i o n  
from t h e  r ecep to r s  o f  t h e  semic i r cu la r  canal  11-41. 

Discovery of t h e  r e l a t i o n s h i p  of t h e  r a p i d  component t o  t h e  v e s t i b u l a r  
apparatus  d i c t a t e s  new requirements i n  a n a l y s i s  of  nystagmus . The requirement 
f o r  c a r e f u l  q u a n t i t a t i v e  measurements of  t h e  r a p i d  component i n  experiment,  i n  
t h e  c l i n i c  and i n  eva lua t ion  has  a r i s e n  -- t h e  requirement f o r  complex 
eva lua t ion  of nystagmic impulse which 'would make it p o s s i b l e  t o  c a l c u l a t e  t h e  
c h a r a c t e r i s t i c s  of t h e  dynamics not  only o f  t h e  slow, but  of t h e  r a p i d  
component. This  r e p o r t ,  t h e  d a t a  of which were obta ined  i n  experiments on 
r a b b i t s ,  a t tempts  t o  f i n d  such c r i t e r i a .  

Nystagmograms recorded d u r i n g . r o t a t i o n a 1  t e s t s  i nd ica t ed  t h a t  t h e  r a p i d  - /200 
component of h o r i z o n t a l  v e s t i b u l a r  r o t a t i o n a l  and p o s t - r o t a t i o n a l  nystagmus 
( i n  p a r t i c u l a r ,  t h e  v e l o c i t y  of  t h e  r a p i d  component) does no t  remain cons tan t  
and unchanged during t h e  course of nystagmic r e a c t i o n ,  b u t  v a r i e s  wi th in  a  
range s o  broad t h a t  i t s  lower l i m i t  i s  o f t e n  wi th in  t h e  l i m i t s  of t he  v e l o c i t y  
range of  t h e  slow component. 



The na tu re  of t h e  v a r i a t i o n s  i n  t h e  r ap id  component d i f f e r s  from t h a t  
of t h e  v a r i a t i o n s  i n  t h e  slow component. Differences i n  dynamics a r e  
de t ec t ed ,  f o r  example, when comparing t h e  histograms of  t he  v e l o c i t i e s  o f  slow 
and r a p i d  components. In  t h e  v e l o c i t y  histogram of t h e  slow component t h e r e  
i s  l e f t  asymmetry, which i s  t h e  r e s u l t  of t h e  f a c t  t h a t  nystagmic r e a c t i o n  
c o n s i s t s  o f  two d i f f e r e n t  p a r t s  -- s t a r t i n g  and s e q u e n t i a l .  The s t a r t i n g  
p a r t ,  r e l a t i v e l y  s h o r t ,  i s  determined d i r e c t l y  by s t imu la t ion  o f  t h e  m p u l l a r  
appara tus ,  and t h e  r e l a t e d  mechanical processes  i n  t h e  semic i r cu la r  cana l  and 
ampule, by t h e  a f f e r e n t  flow o f  pu l se s  be ing  f e d  along t h e  v e s t i b u l a r  nerve  
from t h e  cupula t o  t h e  cen te r s .  The s e q u e n t i a l  p a r t  o f  nystagmic r e a c t i o n  i s  
r e l a t e d  i n  o r i g i n  t o  gradual ly  damping processes  of s t imu la t ion  i n  t h e  
c e n t e r s ,  and may i n  t ime s i g n i f i c a n t l y  exceed t h e  s t a r t i n g  p a r t .  Div is ion  of  
nystagmic r e a c t i o n  i n t o  t h e s e  two p a r t s  i s  o f  course o f  an a r b i t r a r y  n a t u r e ,  
and t o  c l e a r l y  r e s t r i c t  one p a r t  from another  i s  not  poss ib l e .  Therefore ,  i n  
ou r  s t u d i e s  on t h e  s t a r t i n g  p a r t  we r e f e r r e d  t o  those  nystagmic impulses which 
occur  w i th in  t h e  f i r s t  two t o  t h r e e  seconds from t h e  beginning o f  nystagmus. 
The concept t h a t  t h e  processes  i n  t h e  r e c e p t o r  apparatus a r e  only  a  t r i g g e r i n g  
mechanism o f  v e s t i b u l a r  r e f l e x e s  has been r e f l e c t e d  i n  t h e  l i t e r a t u r e  [7] ,  and 
it s a t i s f a c t o r i l y  expla ins  t h e  disagreement between t h e  du ra t ion  o f  nystagmic 
r e a c t i o n  (seconds) and t h a t  of t h e  e f f e c t  o f  t h e  s t imu la t ing  s t imulus  ( f r a c -  
t i o n s  of  a  second).  The r a t e  of t h e  slow component i s  propor t iona l  t o  t h e  
va lue  of t h e  a c t i v e  s t imu lus ,  and consequently,  t o  t h e  frequency o f  a f f e r e n t  
p u l s a t i o n  [S ,  83. Therefore,  slow c~mponents  wi th  high r a t e s  t ak ing  p l ace  i n  
t h e  r e l a t i v e l y  b r i e f  s t a r t i n g  p a r t  o f  nystagmus occupy a  small  f r a c t i o n  i n  t h e  
o v e r a l l  d i s t r i b u t i o n  p a t t e r n .  

The his togram of  t h e  r a t e  o f  t h e  r a p i d  component d i f f e r s  i n  t h a t  it i s  
not  on ly  asymmetrical ( l e f t  asymmetry), bu t  bimodal with a  nega t ive  excess 
(asymmetry and excess  a r e  s t a t i s t i c a l l y  r e l i a b l e :  tA = 10.0 and te = 9 . 4 ) .  

The d i f f e r e n c e  i n  histograms of t h e  r a t e s  of  t h e  slow and r a p i d  compo- 
n e n t s  r e q u i r e s s p e c i a l  cons ide ra t ion .  Var ia t ions  i n  t h e  r a t e  of t h e  r a p i d  
component ( i t s  decrease  o r  i nc rease  when compared t o  t h e  r a t e  i n  t h e  preceding 
impulse) a r e  o f t e n  oppos i te  i n  s i g n  compared t o  t h e  v a r i a t i o n s  i n  t h e  r a t e  of  /201 - 
t h e  slow component. In  o t h e r  words, when, f o r  example, t h e  r a t e  of  one com- 
ponent i n c r e a s e s ,  t h a t  of t h e  o t h e r  decreases  and v i c e  ve r sa .  However, such 
an oppos i t e  phase,  comprising approximately 23% of  v a r i a t i o n s ,  does not  
exp la in  t h e  d i f f e r ences  i n  t h e  his tograms.  The presence of an excess  and t h e  
b imodal i ty  a r e  explained by t h e  c h a r a c t e r i s t i c s  o f  t he  r a p i d  component i n  
s t a r t i n g  nystagmic impulses,  and t h e  very  ex i s t ence  i n  t h e  i n i t i a l  p a r t  o f  
nystagmus of  two maximums i n  t h e  r a t e  of t h e  r a p i d  component observed a t  
s t a b l e  t ime i n t e r v a l s  [ 2 ,  31 . The na tu re  o f  t h e  v a r i a t i o n s  i n  t h e  r a t e s  o f  
t h e  slow and r a p i d  components i n  t h e  i n i t i a l  p a r t  o f  nystagmus d i f f e r s  sub- 
s t a n t i a l l y .  The envelope of t h e  r a t e  of  t h e  slow component i n  t h e  i n i t i a l  
p a r t  has  one maximum, and t h e  envelope of t h e  r a t e  of t h e  r a p i d  component 
has  two maximums, of which t h e  first  begins e a r l i e r  and t h e  second l a t e r  than  
t h e  maximum o f  t h e  slow component r a t e .  The minimum of t h e  r ap id  component's 
r a t e  corresponds t o  t h e  slow component r a t e  i n  t ime.  The curve of  t h e  r a p i d  
component r a t e  has  a  double-peaked form. The p r o b a b i l i t y  of  d e t e c t i n g  t h e s e  
two maximums of t h e  r a p i d  component r a t e  i n  nystagmus i s  g r e a t :  p  = 0.86 f o r  



t h e  f i r s t  and p  = 5.94 f o r  t h e  second. I t  i s  j u s t  t h e  c h a r a c t e r i s t i c s  of  t h e  
v a r i a t i o n  i n  rap id  components i n  t h e  i n i t i a l  p a r t ,  where i n  t h e  course of  a  
comparatively s h o r t  per iod  t h e  maximum va-lues of  t h e  r a t e  a r e  observed tw ice ,  
which expla ins  t h e  bimodal i ty  of t h e  histogram o f  t h e  r a p i d  component r a t e ,  

The r ap id  component depends on a f f e r e n t  p u l s a t i o n  of  t h e  ampullar  a-ppar- 
a t u s ,  which i s  confirmed by experiments with d i r e c t  l o c a l  rhythinic e l e c t r o -  
s t imu la t ion  of t h e  cupula [ S ] .  These experiments i n d i c a t e  t h e  e x i s t e n c e  i n  
t h e  cen te r s ,  c o n t r o l l i n g  t h e  r ap id  component, of "tuning" t o  a  c e r t a i n  
frequency, which i s  op t imal ,  I t  i s  t h i s  optimum frequency of  t h e  a f f e r e n t  
flow of  p u l s a t i o n  which causes nystagmic impulses,  i n  which t h e  r a p i d  
component has  i t s  g r e a t e s t  r a t e ,  Frequencies l e s s e r  and g r e a t e r  than  optimal 
have a  l e s s e r  e f f e c t .  "Tuning" i s  r a t h e r  f i n e :  a t  f requencies  d i f f e r i n g  from 
optimal by '10 Hz,  t h e  r a t e  o f  t h e  rap id  component i s  25% l e s s  than it i s  
during t h e  optimal frequency. Experiments wi th  l o c a l  e l e c t r o s t i m u l a t i o n  of 
t h e  ampullar apparatus  s e rve  as  a  model of  d e v i a t i o n  o f  t h e  cupula.  

Explaining t h e  dependence o f  t h e  r ap id  component of  nystagmus on 
v e s t i b u l a r  a f f e r e n t a t i o n  r equ i r e s  a t t e n t i o n  t o  q u a n t i t a t i v e  a n a l y s i s  o f  t h e  
r ap id  component, which may be a  va luable  i n d i c a t o r  f o r  eva lua t ing  t h e  dynamics 
of  t h e  cupu-la. Hence, t h e  requirement t o  develop f o r  purposes o f  d i a g n o s t i c s  
and eva lua t ion  such a  complex ana lys i s  o f  nystagmus, i n  which not  on ly  t h e  
dynamics of  t h e  slow component, which i s  a l r eady  done a t  p re sen t  [9] ,  b u t  a l s o  
t h e  dynamics of t h e  f a s t  component would be considered.  Ind iv idua l  record ing  /202 
on two independent channels of t h e  r a t e s  of t he  slow and f a s t  components [ l o ]  
with subsequent comparison of them i s  of course p o s s i b l e .  I t  i s  more d e s i r -  
a b l e  t o  ob ta in  a n a l y s i s  o f  each nystagmic impulse immediately on t h e  two 
components i n  t h e  form of a  s i n g l e  va lue .  As one of t hese  va lues  we may u s e  
t h e  average harmonic va lue  employed i n  s t a t i s t i c s  when averaging v a r i a b l e  
v e l o c i t i e s ,  

The average harmonic v e l o c i t y  of each nystagmic impulse may be expressed 
a s  a simple averaged harmonic f o r  two i n d i c a t o r s  - -  t h e  v e l o c i t y  of  t h e  sibw 
component and t h e  v e l o c i t y  o f  t h e  r a p i d  component: 

where A i s  t h e  amplitude of t h e  nystagmic impulse,  V and V2 a r e  v e l o c i t i e s ,  1 
and Tl and T2 a r e  t h e  du ra t ions  of t h e  slow and f a s t  components. Moreover, 

t h e  d i f f e r e n c e  i n  d i s t a n c e s  ( r o t a t i o n  ang le s ) ,  t r a v e l e d  by t h e  eye dur ing  t h e  
slow and r a p i d  components, i s  not  considered. This  d i f f e r e n c e  could be d e t e r -  
mined by c a l c u l a t i n g  t h e  weighed average harmonic v e l o c i t y  r a t h e r  t han  t h e  
simple v e l o c i t y ,  but  t h e r e  i s  apparent ly no need f o r  t h i s ,  because, according 



t o  d a t a  of photonystagmographic s t u d i e s ,  t h e  d i f f e r e n c e  i n  ampl i tudes  i s  
r a r e l y  s i g n i f i c a n t .  

The average harmonic was used t o  analyze t h e  r e a c t i o n  of ex t inguish ing  
nystagmus dur ing  repea ted  r o t a t i o n  t e s t s .  The curve of t h e  envelope of t h e  
average harmonic v e l o c i t y  r e f l e c t s  t h e  c h a r a c t e r i s t i c s  of t h e  v e l o c i t y  
envelopes of t h e  slow and r a p i d  components. The shape o f  t h e  curve of t h e  
average harmonic v e l o c i t y  i s  maintained upon ex t inguish ing  of  nystagmus, 
d e s p i t e  t h e  f a c t  t h a t  t h e  d u r a t i o n  of  nystagmus, t he  number o f  impulses and 
t h e  abso lu t e  va lues  of  t h e  v e l o c i t i e s  of t h e  slow and f a s t  components 
decrease .  

The most widely used and un ive r sa l  method of recording nystagmus i s  
electronystagmography, bu t  " in  pure form" it gives t h e  i n v e s t i g a t o r  compar- 
a t i v e l y  l i t t l e .  An attempt a t  q u a l i t a t i v e  recording of  one component ( t h e  
slow component) u s u a l l y  has a nega t ive  e f f e c t  on t h e  q u a l i t y  o f  record ing  t h e  
o t h e r  ( r ap id  component). Moreover, manual processing o f  nystagmograms i s  
extremely labor-consuming. In  connect ion with t h i s  it i s  d e s i r a b l e  t o  
develop a device  f o r  automatic  a n a l y s i s  of nystagmus, which would provide  one 
o r  another  complex i n d i c a t o r  of  nystagmus a t  ou tput .  This  problem could b e  
p a r t i a l  l y  answered by an e l e c t r o n i c  device  which would provide average 
harmonic v e l o c i t y  a t  t h e  ou tpu t ,  i . e ,  a simultaneous complex c h a r a c t e r i s t i c  of /203 
each nystagmic impulse according t o  two i n d i c a t o r s  - -  t h e  v e l o c i t i e s  of t h e  
slow and r a p i d  components. 
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ELECTRONYSTAGMOGRAPHY AND ITS PROSPECTS 

A .  Ye. Kurashvi 1 i and V .  I .  Babiyak 

ABSTRACT. Electronystagmography i s  a s imple and accu ra t e  
method of recording eye movements. It may be used in t h e  
s tudy of pa thologica l  s t a t e s  in the  v e s t i b u l a r  ana lyzer .  It 
i s  used t o  e s t a b l i s h  a  c o r r e l a t i o n  between oculomotor nuclei  
and vege ta t ive  c e n t e r s ,  and a l s o  t o  s tudy  the  in t e rac t ion  
between the  v e s t i b u l a r  and v isua l  ana lyze r s .  The a r t i c l e  
conta ins  13 re ferences .  

Nystagmus o f  t h e  eyes i s  an important i n d i c a t o r  f o r  ob jec t ive  a n a l y s i s  of 
t h e  v e s t i b u l a r  func t ion .  

Graphic record ing  of nystagmus makes it p o s s i b l e  t o  s tudy such i n d i c a t o r s  
a s  amplitude, angular  v e l o c i t y  of t h e  slow phase, du ra t ion ,  pu lse  frequency 
and d i r e c t i o n  of nystagmus. 

There a r e  a  number o f  methods of nystagmography: mechanical [ l ,  3 ,  51, 
o p t i c a l  [2],  and photokinographic [6, 8,  131. Elec t rographic  record ing  of 
nystagmus was f i rst  accomplished by Schot t  i n  1922. Subsequently,  s t u d i e s  on 
electronystagmography were publ ished i n  a  number of papers  [4, 5 ,  6,  91. 

Electronystagmography has a number of  advantages over  o t h e r  methods of 
record ing  nystagmus and makes it p o s s i b l e  t o  o b t a i n  t h e  t o t a l  c h a r a c t e r i s t i c s  
of nystagmic r e a c t i o n .  Electronystagmography is based on b i o e l e c t r i c  phenom- 
ena i n  t h e  eyeba l l .  

According t o  s t u d i e s  of Morier,  Rush and Muller ,  conducted i n  1936, /204 - 
e l e c t r i c a l  p rocesses  a r e  always t ak ing  p l ace  i n  t h e  r e t i n a  of  t h e  eyes,  even 
i n  darkness .  The r e t i n a  i s  charged nega t ive ly ,  and t h e  cornea i s  charged 
p o s i t i v e l y ;  consequent ly,  t h e  eye is  a  unique d i p o l e ,  where the  e l e c t r i c a l  and 
o p t i c a l  axes converge. The cons tan t  e l e c t r i c a l  p o t e n t i a l  between t h e  cornea 
and r e t i n a  ( the  c o r n e a l - r e t i n a l  p o t e n t i a l )  i s  found on t h e  su r f ace  o f  t h e  s k i n  
n e a r  t h e  o u t e r  edge of  t h e  o r b i t .  

During nystagmic movements of  t h e  eyeba l l ,  t h e r e  i s  f l u c t u a t i o n  i n  t h e  
p o t e n t i a l  d i f f e r e n c e ,  record ing  of  which g ives  a  g raph ic  p i c t u r e  of nystagmus. 
The essence of  electronystagmography c o n s i s t s  o f  i n t e n s i f y i n g  the  b i o p o t e n t i a l  
d i f f e r ence  which develops with subsequent record ing  of it on s tandard  
osc i l l og raphs  ( the  N-102, MPO-2, K-12, e t c . ) .  

The va lue  of t h e  recorded p o t e n t i a l  d i f f e r e n c e  i n  warm-blooded animals 
and man f l u c t u a t e s  w i th in  the  range of  50-500 mv; consequently,  an amplifying 
device  should have a  h igh  ampl i f i ca t ion  f a c t o r  and good a n t i n o i s e  q u a l i t i e s .  



We used an a c  ampl i f i e r  designed by our department,  t h e  parameters o f  
which make it poss ib l e  t o  record nystagmus without d i s t o r t i o n .  The frequency 
c h a r a c t e r i s t i c s  o f  t h e  a m p l i f i e r  a r e  l i n e a r  wi th in  t h e  range from 0.22 t o  
200 Hz with a v a r i a t i o n  f a c t o r  i n  t h e  boundary s e c t i o n s  not  l e s s  than  ? lo%,  a 
t ime cons tan t  not  l e s s  than 1 .5  and not  g r e a t e r  than 2 .5  s e c ,  an ampl i f i ca t ion  
f a c t o r  n o t  l e s s  than  2,500,000. The ampl i f i e r  i s  made according t o  t h e  
d i f f e r e n t i a l  layout  with p o s i t i v e  ba lanc ing  of  t h e  inpu t ,  which provides a 
s i g n i f i c a n t  reduct ion  i n  no i se  l e v e l .  

The dimensions of t h e  a m p l i f i e r  make it p o s s i b l e  t o .  a t t a c h  it d i r e c t l y  on 
t h e  r o t a t i n g  c h a i r ,  which g ives  a number of  advantages: it dec reases  t h e  
n o i s e  l e v e l ,  and e l imina te s  t h e  requirement f o r  long sh ie lded  l eads .  

Electronystagmography i s  accomplished by using va r ious  r o t a t i o n a l  
methods, which, by meeting t h e  requirements  of  modern experiment, should 
correspond t o  t h e  b a s i c  requirement of  s t r i c t  dosimetry of adequate s t imulus  
i n  t h e  va lue  and t ime o f  t h e  e f f e c t .  I t  i s  no s e c r e t  t h a t  automatic  r o t a t i o n  
devices  a r e  a v a i l a b l e  only  i n  s e v e r a l  s c i e n t i f i c  cen te r s  of t h e  country,  and 
t h e  b e s t  models a r e  extremely l a r g e  and expensive. I n  ou r  department we 
developed and designed an automatic  e l e c t r o n i c  layout  with a programming 
device ,  which makes i t  p o s s i b l e  t o  c a r r y  out  r o t a t i o n  according t o  t r i a n g u l a r ,  
t r a p e z o i d a l ,  and mul t i s t age  (with subthreshold  a c c e l e r a t i o n  on t h e  o rde r  of 
0 . 1  deg/sec) programs. 

Among t h e  advantages o f  t h e  device  should be included i t s  p o r t a b i l i t y ,  
t o t a l  automation of given modes of r o t a t i o n ,  t h e  p o s s i b i l i t y  of  connecting it - /205 
t o  o t h e r  c h a i r s  which r o t a t e  wi th  t h e  h e l p  of  an e l e c t r i c  motor, and i t s  low 
c o s t .  

The technique o f  electronystagmography i s  simple and c o n s i s t s  of  
a t t a c h i n g  a p a i r  o f  s p e c i a l  s enso r s ,  made o f  any nonoxidizable  meta l ,  on 
t h e  cleaned s k i n  of t h e  sub jec t  n e a r  t h e  ex t e rna l  angles  of  t h e  eyes.  A t h i r d  
grounding e l e c t r o d e  is  a t tached  t o  any p a r t  of t h e  s k i n .  Attaching t h e  
senso r s  i s  accomplished e i t h e r  wi th  t h e  h e l p  o f  adhesive p l a s t e r  o r  by a , 

p r e s s u r e  sp r ing  which makes it p o s s i b l e  t o  remove them very  r a p i d l y  and aga in  
apply  them. 

In o rde r  t o  record h o r i z o n t a l  nystagmus, t h e  sensors  a r e  a t tached  n e a r  
t h e  e x t e r n a l  angles  of t h e  eyes,  and f o r  record ing  v e r t i c a l  nystagmus they  a r e  
a t t a c h e d  nea r  t h e  upper and lower edges of  t he  o r b i t .  A combination of t h e s e  
p o s i t i o n s  i s  p o s s i b l e  when us ing  a two-channel ampl i f i e r .  For recording 
nystagmus i n  experimental animals ( r a b b i t s ,  c a t s  and dogs) s i m i l a r  sensors  a r e  
used:  two of them a r e  a t tached  e i t h e r  t o  t h e  lower e y e l i d s  wi th  t h e  h e l p  of 
adhes ive  p l a s t e r  o r  BF type  g lue ,  o r  needle  e l ec t rodes  a r e  implanted i n  t h e  
s k i n  nea r  t h e  e x t e r n a l  angles  o f  t h e  eyes.  A grounding e l e c t r o d e  i s  a t t ached  
t o  a shaved po r t ion  of t h e  sk in .  

Mul t ip le  u se  i n  electronystagmography of  propor t ion ing  and record ing  
appara tus  permits  no t  only q u a l i t a t i v e ,  bu t  a l s o  q u a n t i t a t i v e  a n a l y s i s  o f  
i n d i v i d u a l  parameters o f  nystagmus, o v e r a l l  dura t ion  of t h e  r e l a t i o n s h i p  of 



i t s  d i f f e r e n t  phases i n  t ime, o f  frequency, amplitude and angular  v e l o c i t y  of  
eyeba l l  movement i n  t h e  slow component phase. The most la-bor-consuming 
process  i s  de te rmina t ion  of t h e  amplitude and angular  v e l o c i t y  of  t h e  slow 
component. 

Ca l ib ra t ion  o f  t h e  amplitude o f  nystagmus according t o  a s tandard  p u l s e  
with a vo l t age  o f ,  f o r  example, 100 mv y i e l d s  a s i g n i f i c a n t  dev ia t ion  from 
t r u e  va lue ,  s i n c e  t h i s  method does no t  t ake  i n t o  account t h e  ind iv idua l  
f l u c t u a t i o n  of  t h e  c o r n e a l - r e t i n a l  p o t e n t i a l .  I n  our  department we apply a 
method based on t h e  p r i n c i p l e  of e lectro-oculography.  

Deviation o f  t h e  gaze from a midl ine i n  t h e  h o r i z o n t a l  p lane  by  a 
s tandard  angle  ( f o r  example, 10") causes a v e r t i c a l  s h i f t  i n  t h e  o s c i l l a t i o n  
of t h e  oculogram which corresponds t o  a given angle o f  dev ia t ion .  Propor- 
t i o n a l  comparison of t h e  ex t en t  of  c a l i b r a t e d  o s c i l l a t i o n  with t h e  amplitude 
of  nystagmus provides expression o f  t h e  l a t t e r  d i r e c t l y  i n  angular  degrees .  

The above method of c a l i b r a t i n g  nystagmus is  a necessary  s t e p  i n  d e t e r -  
mining t h e  angular  v e l o c i t y  of nystagmus i n  t h e  phase of t h e  slow component. 

Many Sovie t  and fo re ign  au thors  a t t r i b u t e  g r e a t  importance t o  t h i s  
parameter,  which more completely expresses  t h e  func t iona l  s t a t e  of t h e  
v e s t i b u l a r  ana lyzer ;  however, known methods of c a l c u l a t i n g  it d i f f e r  i n  t h e i r  
g r e a t  complexity and r e q u i r e  a d d i t i o n a l  methods and o p t i c a l  means, which /206 
undoubtedly diminishes t h e  p r a c t i c a l  va lue  of  t h i s  parameter.  

The angular  v e l o c i t y  of nystagmus i s  determined according t o  t h e  
fol lowing formula: 

where A i s  t h e  amplitude of  nystagmus ( i n  mm), K i s  t h e  amplitude o f  
c a l i b r a t e d  o s c i l l a t i o n  ( i n  mm) which corresponds t o  r o t a t i o n  of  t h e  eyeba l l s  
by l o 0 ,  and t i s  t h e  time of t h e i r  movement i n  t h e  slow phase. 

These parameters  a r e  determined by d i r e c t  measurements on osc i l lograms,  
bu t  t h e  complexity of  t h i s  procedure i s  obvious. Some s i m p l i f i c a t i o n  o f  t h e  
formula i s  achieved i n  t h e  case when t i s  made equal  t o  one second, then  
parameter A by an a d d i t i o n a l  geometric cons t ruc t ion  i s  brought i n t o  agreement 
with parameter t ,  and t h e  formula assumes t h e  fol lowing form: 



Another, s impler  method of determining t h e  angular  v e l o c i t y  o f  nystagmus 
i n  t h e  slow phase of t h e  component is  poss ib l e ,  based on measuring angle  a ,  
fcrmed by an i s o l i n e ,  and t h e  o s c i l l a t i o n  of  t h e  slow phase,  and on t h e  
condi t ion  from tr igonometry t h a t  t h e  va lue  of  an acute  angle i n  a  r i g h t  tri-  
ang le  i s  d i r e c t l y  p ropor t iona l  t o  t h e  oppos i te  and i n v e r s e l y  propor t iona l  t o  
t h e  ad jacent  leg .  I t  fol lows from t h i s  t h a t  angle  a i s  d i r e c t l y  propor t iona l  
t o  t h e  amplitude of  nystagmus and i n v e r s e l y  propor t iona l  t o  t h e  r a t e  o f  t a p e  
f e e d .  The formula o f  angular  v e l o c i t y  has  t h e  fol lowing form: 

W =  t a n  a-10°*V 
K 9 

where V i s  t h e  r a t e  o f  t a p e  f eed ,  and t h e  remaining parameters a r e  known. 
Both t h e  descr ibed  methods a r e  imprac t i ca l  i n  a  wide a r e a  because of t h e i r  
complexity.  

On t h e  b a s i s  of t h e  foregoing ,  one of  t h e  authors  worked out  a  new method 
t o  determine t h e  angular  v e l o c i t y  of nystagmus, based on t h e  p r i n c i p l e  of 
o p t o k i n e t i c  nystagmus. 

Analysis of t h e  mechanism of  development of o p t o k i n e t i c  nystagmus and 
experimental  d a t a  i n d i c a t e d  t h a t  t h e  angular  v e l o c i t y  of t h e  slow phase o f  
o p t o k i n e t i c  nystagmus when t h e  gaze i s  d i r ec t ed  h o r i z o n t a l l y  i s  equal  t o  t h e  
angular  v e l o c i t y  of r o t a t i o n  of t h e  t e s t  s u b j e c t .  Therefore ,  record ing  opto- 
k i n e t i c  nystagmus by t h e  electronystagmographic method a t  a  s tandard  angular  
v e l o c i t y  of c h a i r  r o t a t i o n ,  f o r  example, of 10 deg/sec, wi th  subsequent 
comparison of corresponding angles  of nystagmograms o f  o p t o k i n e t i c  and v e s t i b -  - /207 
u l a r  nystagmus y i e l d s  a  d i r e c t  expression of  t h e  angular  v e l o c i t y  of  
v e s t i b u l a r  nystagmus i n  degrees.  The formula of t h i s  method i s  extremely 
s imple :  

where a" and a'  , r e s p e c t i v e l y ,  a r e  angles  formed by o s c i l l a t i o n  of t h e  slow 
phase,  of v e s t i b u l a r  and o p t o k i n e t i c  nystagmus, and 10 deg/sec i s  t h e  angular  
v e l o c i t y  of c h a i r  r o t a t i o n .  

Ca lcu la t ion  of  t h e  frequency, amplitude and angular  v e l o c i t y  of nystagmus 
by va r ious  authors  has  been accomplished a t  d i f f e r e n t  t ime segments o f  
nystagmic r e a c t i o n .  

We p r a c t i c e  c a l c u l a t i o n  of t h e s e  parameters f o r  r o t a t i o n a l  nystagmus 
du r ing  t h e  f i r s t  10 s e c  of r e a c t i o n  with subsequent d e r i v a t i o n  of an average 
f o r  a  given time segment, and dur ing  t h e  f i r s t  20 s e c  of r e a c t i o n  f o r  c a l o r i c  
nystagmus. 



Some fo re ign  au thors  inc lude  i n  t h e  number o f  ca l cu la t ed  parameters  o f  
nystagmus such va lues  a s  t h e  t o t a l  number of nystagmic pu l se s ,  t o t a l  amplitude 
of t h e  e n t i r e  r e a c t i o n  and o t h e r s ,  b u t  a l l  t h e s e  methods, inc luding  those  
descr ibed  above, a r e  extremely labor-consuming, Therefore,  t h e r e  i s  a  
p re s s ing  need t o  c r e a t e  an i d e a l  nystagmograph wi th  analyzing and i n t e g r a t i n g  
devices ,  capable o f  provid ing  f i n i s h e d  information about t h e  va r ious  char-  
a c t e r i s t i c s  of nystagmus. 

The method of  electronystagmography has  a  number of  advantages over o t h e r  
methods by i t s  s i m p l i c i t y  and independence from ex te rna l  condi t ions .  With i t s  
he lp  it i s  p o s s i b l e  t o  record c a l o r i c ,  ga lvanic ,  v e s t i b u l a r ,  o p t o k i n e t i c  and 
spontaneous nystagmus. I t  may be  used under both  f i e l d  and ope ra t iona l  
condi t ions ,  and a t  t h e  bedside of t h e  p a t i e n t .  I t  i s  poss ib l e  wi th  i t s  h e l p  
t o  s tudy t h e  va r ious  psycho-physiological a spec t s  r e l a t e d  t o  motor a c t i v i t y  o f  
t h e  eyes,  without  hampering t h e  a c t i v i t y  o f  t h e  s u b j e c t .  However, t h e  
u n i v e r s a l i t y  o f  t h i s  method i s  l i m i t e d  by i t s  u n s u i t a b i l i t y  f o r  s tudying  t h e  
f a s t  component o f  nystagmus. For t h i s  purpose t h e  o p t i c a l  p r i n c i p l e  of 
record ing  nystagmus should be used. 

The va lue  of  electronystagmography i s  determined by t h e  importance o f  
nystagmus i n  express ing  t h e  func t iona l  s t a t e  of  var ious  phys io log ica l  systems, 
d i s rup t ion  of t h e  func t ion  of which i s  manifested by a  nystagmic r e a c t i o n  
t y p i c a l  f o r  them. This inc ludes  t h e  var ious  pa tho log ica l  s t a t e s  o f  per iph-  
e r a l ,  conducting and c e n t r a l  branches o f  t h e  v e s t i b u l a r  analyzer ,  t h e  
cerebellum, and c e r t a i n  s u b c o r t i c a l  formations,  a t  t h e  l e v e l  of which 
i n t e g r a t i o n  o f  e f f e r e n t  oculomotor t r a c k s  t akes  p l a c e ,  

The c l o s e  r e l a t i o n s h i p  o f  t h e  oculomotor system t o  t h e  v e s t i b u l a r  n u c l e i ,  
and of t h e  l a t t e r  with t h e  vege ta t ive  cen te r s  makes it p o s s i b l e  t o  seek 
c o r r e l a t i o n a l  r e l a t i o n s h i p s  i n  t h e  a c t i v i t y  of  t h e  animal and v e g e t a t i v e  /208 - 
systems. An express ion  of t h i s  c o r r e l a t i o n  may be  nystagmic r e a c t i o n ,  while  
t h e  va lue  of i t s  i nd iv idua l  parameters i n  expressing t h i s  c o r r e l a t i o n  may b e  
d i f f e r e n t .  

I n t e r a c t i o n  of  t h e  v i s u a l  ana lyzer  with t h e  oculomotor system and of t h e  
l a t t e r  with t h e  v e s t i b u l a r  cen te r s  permi ts  seeking laws o f  i n t e r a c t i o n  of t h e  
v i s u a l  and v e s t i b u l a r  analyzers, ,  which a r e  t h e  most necessary f a c t o r  of  
adequate s p a t i a l  o r i e n t a t i o n  of man and animals.  

F ina l ly ,  s tudy  o f  va r ious  parameters of  nystagmus with r e s p e c t  t o  
a n a l y s i s  o f  v e s t i b u l a r  r e a c t i v i t y  makes it p o s s i b l e  t o  develop p r e c i s e  
electronystagmographic t e s t s ,  which more f u l l y  r e f l e c t  t h e  somatosensory 
s t a b i l i t y  of t h e  v e s t i b u l a r  analyzer  under extreme condi t ions .  

As one o f  t h e  most accura te  methods of i n v e s t i g a t i n g  t h e  v e s t i b u l a r  
func t ion ,  electronystagmography, when processed proper ly ,  under condi t ions  of  
p r e c i s e  dosimetry of an adequate s t imulus ,  i n  conjunct ion with var ious  
e l ec t rophys io log ica l  methods may c o n t r i b u t e  t o  discovery of c e n t r a l  neuro- 
dynamic laws which con t ro l  t h e  func t ion  of  t h e  ana lyzer ,  and may i n  f a c t  prove 



t h e  u n f i t n e s s  o f  c e r t a i n  mechanical t h e o r i e s  of  t h e  pe r iphe ra l  genes is  of  
v e s t i b u l a r  i n s t a b i l i t y .  

Thus, electronystagmography may be used with g r e a t  b e n e f i t  both i n  t h e  
c l i n i c  and i n  var ious  phys io log ica l  s t u d i e s  on t h e  v e s t i b u l a r  ana lyzer  with 
r e s p e c t  t o  t h e  i n t e r a c t i o n  of a f f e r e n t  systems. 
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N E W  INSTALLATIONS F O R  INVESTIGATING THE VESTIBULAR 
A N A L Y Z E R  

V .  N .  Barnatskiy,  A. G .  Kuznetsov, 
G .  F. Nikolashin and Yu. N .  Sushkov 

ABSTRACT. The four-beam swing used a t  p resent  i s  simul- 
taneously a  s t imu la to r  of the  o t o l i t h s  and semic i r cu la r  
cana l s .  An i n s t a l l a t i o n  i s  proposed in which the  ho r i zon ta l  
component of acce l e ra t ion  i s  e l imina ted  in order  t o  reduce t o  
a  m i n i m u m  s t imu la t ion  of the semic i r cu la r  cana l s .  A motor i s  
used t o  o s c i l l a t e  the cabin.  The i n s t a l l a t i o n  makes i t  poss i -  
b l e  t o  s tudy the  e f f e c t s  of o p t o k i n e t i c  s t i m u l i .  

The appearance of vege ta t ive  d i s rup t ions  and i l l u s o r y  sensa t ions  about - / 2 C  
t h e  p o s i t i o n  o f  t h e  body i n  space dur ing  o r b i t a l  space  f l i g h t s  con t r ibu ted  t o  
t h e  increased  i n t e r e s t  o f  phys io log i s t s  and o to l a ryngo log i s t s  t o  t h e  patho- 
genes is  of  motion s i ckness .  The hypothesis  was made on t h e  b a s i s  of numerous 
observa t ions  and s t u d i e s  [l, 5-71 t h a t  v e g e t a t i v e  d i so rde r s  and v a r i o u s  
i l l u s i o n s  of t h e  p o s i t i o n  and motion of t h e  body i n  space a r e  t h e  r e s u l t  of 
d i s r u p t i o n  of t h e  i n t e r a c t i o n  of  a f f e r e n t  systems when making a  s p a t i a l  
a n a l y s i s  under unusual condi t ions  of  t h e  e x t e r n a l  medium (instrument  f l i g h t s  
on a i r c r a f t  and space f l i g h t s ) .  Moreover, t h e  v e s t i b u l a r  ana lyzer  has  been 
given an important r o l e  i n  t h e  pathogenesis  of t h e  ind ica t ed  phenomena. I t  
was revea led  a t  t h e  same time t h a t  c e r t a i n  methods o f  i n v e s t i g a t i n g  t h e  
v e s t i b u l a r  apparatus  ( t he  Barani c h a i r  and t h e  four-beam swing) do not  
completely s a t i s f y  t h e  requirements of  space f l i g h t .  Thus, i t  i s  d i f f i c u l t  t o  
make a  s e p a r a t e  s tudy on them of  t h e  e f f e c t  of i n e r t i a l  fo rces  on an organism, 
and t o  a l t e r  t h e i r  d i r e c t i o n  and magnitude. There a r e  no attachments on t h e  
i n s t a l l a t i o n s  t o  vary  t h e  func t iona l  s t a t e  o f  t h e  v i s u a l  and p rop r iocep t ive  
ana lyzers .  The foregoing provided us  t h e  b a s i s  t o  propose new i n s t a l l a t i o n s  
f o r  i n v e s t i g a t i n g  t h e  v e s t i b u l a r  ana lyzer .  

A h o r i z o n t a l  component of acce l e ra t ions  on t h e  four-beam swing wi th  
r e spec t  t o  s e n s i t i v i t y  t h re sho lds  of t h e  semic i r cu la r  canals  i s  q u i t e  
important .  We know t h a t  t h e  s e n s i t i v i t y  t h re sho lds  o f  t h e  semic i r cu la r  cana l s  
t o  a c c e l e r a t i o n s  a r e  on t h e  average 0.5-5 deg/sec2.  According t o  c a l c u l a t i o n s  
made by formulas o f  t h e c r e t i c a l  mechanics, during rocking on a  four-beam swing 
(when T = 4 s e c ,  beam l sng th  i s  4 m and t h e  angle of  i n c l i n a t i o n  of t h e  beam 
from t h e  v e r t i c a l  i s  +45 ")  , t he  h o r i z o n t a l  component of a c c e l e r a t i o n  v a r i e s  
s i n u s o i d a l l y  from 0 t o  t0 .65  g .  

If amax i s  t h e  maximum h o r i z o n t a l  component of acce l e ra t ion ,  p i s  t h e  - /21( 

mass d e n s i t y  of t h e  endolymph, r i s  t h e  r a d i u s  of t h e  semic i r cu la r  cana l ,  E i s  
angular  v e l o c i t y  i n  r ad i ans ,  2 i s  t h e  length  of t h e  semic i r cu la r  cana l ,  L i s  



t h e  d i s t a n c e  between t h e  cupula and the  most d i s t a n t  p o i n t  o f  t h e  semic i r cu la r  
cana l  i n  t h e  d i r e c t i o n  of o s c i l l a t i o n s ,  then 

a  * p L  = p * r a & e Z ,  max 

r"z  I, e. h e n c e a  = -  
max L 

The given equat ion provides t h e  s p e c i f i c s  o f  t h e  anatomical s t r u c t u r e  of 
t h e  semic i r cu la r  cana l .  Moreover, t h e  va lue  of t h e  h o r i z o n t a l  component of  
a c c e l e r a t i o n  a c t i n g  on t h e  cupula i s  i n  d i r e c t  dependence on angular  a c c e l e r -  
a t i o n ,  which v a r i e s  i n  r a d i a n s ,  t h e  r ad ius  and length  of  t h e  semic i r cu la r  
cana l  and i n  i nve r se  dependence on t h e  d i s t a n c e  between t h e  cupula and t h e  
most d i s t a n t  po in t  o f  t h e  semic i r cu la r  canal  i n  t h e  d i r e c t i o n  o f  o s c i l l a t i o n s .  

I f  we assume a  t h re sho ld  va lue  f o r  angular  a c c e l e r a t i o n s  of  5 deg/sec2,  
r = 5 mm, 2 = 20 mm, and L = 10 mm, t h e  threshold  va lue  f o r  t h e  h o r i z o n t a l  
component of  a c c e l e r a t i o n  w i l l  b e  

a  
max = 0.001 m/sec2, o r  0.0001 g .  

Consequently, dur ing  rocking on a  four-beam swing, t h e  h o r i z o n t a l  compo- 
n e n t  of  a c c e l e r a t i o n s  i s h i g h e r  than  t h e  s t imu la t ion  th re sho ld  of t he  semi- 
c i r c u l a r  cana ls .  When t h e  head i s  t i l t e d  o r  r o t a t e d ,  t h e s e  a c c e l e r a t i o n s  a c t  
on one o r  another  s emic i r cu la r  canal  depending on t h e  angle formed by t h e  
p l ane  of t h e  semic i r cu la r  canal  and t h e  d i r e c t i o n  of  a c c e l e r a t i o n .  The 
v e r t i c a l  component of l i n e a r  a c c e l e r a t i o n  a c t s  on t h e  semic i r cu la r  cana l s  i n  a 
s i m i l a r  manner due t o  t h e  s h i f t  i n  t h e  v e r t i c a l  p l ane .  

Thus, t h e r e  is  combined s t imu la t ion  o f  t h e  v e s t i b u l a r  ana lyzer  on a  fou r -  
beam swing. 

A .  V .  Lebedinskiy [ 6 ] ,  L.  T .  Zagomllko  [ 4 ] ,  G .  V. Gershuni [3]  and 
o t h e r s  e s t a b l i s h e d  t h a t  adequate subthreshold s t imu la t ions  o f  any a f f e r e n t  
system may accumulate according t o  t h e  p r i n c i p l e  of i n t e r a c t i o n ,  and a l t e r  t h e  
f u n c t i o n a l  s t a t e  of o t h e r  systems, a t  t h e  same time a f f e c t i n g  t h e  f i n a l  
r e a c t i o n .  On t h i s  bases ,  we decided t o  reduce t o  a  minimum s t imu la t ion  of t h e  
s e m i c i r c u l a r  cana ls  with simultaneous s t imu la t ion  of t h e  o t o l i t h i c  appara tus .  
I n  o rde r  to do t h i s ,  s t i m u l a t i o n  of  t h e  v e s t i b u l a r  ana lyzer  was accomplished 
on a  s p e c i a l l y  designed device  i n  which t h e  h o r i z o n t a l  component o f  a c c e l e r -  
a t i o n  was e l imina ted .  The i n s t a l l a t i o n  c o n s i s t s  o f  a  cabin f o r  t h e  t e s t  
s u b j e c t ,  devices  f o r  rocking and a  con t ro l  pane l .  The rocking device may b e  
assembled from s t e e l  sp r ings ,  rubber shocks o r  a  hydrau l i c  attachment.  The /211 
d r i v e  mechanism i n  small  compartments may be a  system of  blocks and s t e e l  
cab le s .  In  o rde r  t o  v i b r a t e  t h e  cabin,  a  motor with an of f -centered  mass 



a t t ached  t o  i t s  s h a f t  i s  used. We recommend t h e  fol lowing parameters  of  
ope ra t ing  t h e  i n s t a l l a t i o n  - -  a two-second o s c i l l a t i n g  cyc le  and t 4  g 
a c c e l e r a t i o n ;  a d d i t i o n a l  modes of ope ra t ing  t h e  i n s t a l l a t i o n  provide  t h e  same 
o s c i l l a t i o n  cycle  and a c c e l e r a t i o n  -- 0.05, 0 .1 ,  0.2 and 0 . 3  g.  Var i a t ion  of 
t he  func t iona l  s t a t e  of t h e  v i s u a l  ana lyzer  i s  accomplished i n  t h e  cabin with 
t h e  he lp  of a  blackout  device.  The f r o n t  wal l  of t h e  cabin must be  g l a s sed  i n  
t o  s tudy t h e  e f f e c t  of  o p t o k i n e t i c  s t i m u l i .  

Rocking of  t h e  t e s t  s u b j e c t  i n  t h e  cabin i s  poss ib l e  i n  a  s t and ing ,  
s i t t i n g  and ly ing  p o s i t i o n .  Terminal blocks f o r  30 te rmina ls  a r e  mounted i n  
t h e  cabin and o u t s i d e  it i n  o r d e r  t o  connect measuring equipment and t o  
i 1 luminate t h e  chamber. 

In  o rde r  t o  s tudy  t h e  i n t e r a c t i o n  of  propr iocept ive  and v e s t i b u l a r  
ana lyzers ,  it i s  recommended t h a t  a  c h a i r  f o r  r o t a t i o n  with t r a n s i t i o n  t o  an 
uns t ab le  p o s i t i o n  b e  included.  Chair  r o t a t i o n  i s  accomplished i n  bo th  
d i r e c t i o n s ,  acce l e ra t ion  of  both s i d e s  from 0.01 t o  80 deg/sec2 wi th  f i x a t i o n  
a t  one o r  another  l e v e l ,  and a l s o  s top - s t imu l i  being provided. T r a n s i t i o n  of  
t h e  c h a i r  t o  an uns t ab le  p o s i t i o n  i s  accomplished by a  s p e c i a l  mechanism 
s e n s i t i v e  t o  s h i f t s  i n  t h e  c e n t e r  of g r a v i t y  o f  t h e  sub jec t  w i th in  l i m i t s  o f  
t i l t i n g  of 0 . 1  cm from t h e  g r a v i t a t i o n a l  v e r t i c a l .  In  order  t o  s tudy  t h e  
e f f e c t  of  t h e  v i s u a l  ana lyzer  on t h e  v e s t i b u l a r  ana lyzer ,  a  c y l i n d e r  r o t a t i n g  
around t h e  c h a i r  i s  mounted a d d i t i o n a l l y ,  with b lack  and white  s t r i p s  be ing  
glued t o  t h e  inne r  su r f ace .  Rotat ion o f  t h e  cy l inde r  i s  accomplished a t  t h e  
same parameters  a s  i s  t h e  c h a i r .  
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ON THE P R O B L E M  O F  METHODS OF STUDYING THE V E S T I B U L A R  
FUNCTION I N  A S P A C E S H I P  

A .  D. Matveyev and M. D .  Yemel 'yanov 

ABSTRACT: Some ways and methods of i nves t iga t ing  t h e  v e s t i -  
bular  analyzer  under condi t ions  of weight lessness  a r e  pro- 
posed. Adequate stimul i in t h i s  case  may be the  va r ious  
movements of the cosmonaut's head and body, and r o t a t i o n  of 
t he  spaceship i t s e l f .  The importance of complex inves t iga-  
t i o n  of the  v e s t i b u l a r  ana lyzer  w i t h  recordings of E O G ,  EMG 
and EEG i s  emphasized. 

Space f l i g h t s  of  man have ind ica t ed  t h e  extreme importance of s tudying  /212 
t h e  v e s t i b u l a r  func t ion  of  t h e  a s t ronau t .  

We know from t h e  l i t e r a t u r e  t h a t  under condit ions of  prolonged weight- 
l e s s n e s s ,  i l l u s o r y  sensa t ions  of s p a t i a l  p o s i t i o n  and vege ta t ive  d i so rde r s  
s i m i l a r  t o  t h e  motion s ickness  syndrome develop. In  connection with t h i s ,  
s p e c i a l  i n v e s t i g a t i o n s  of t he  v e s t i b u l a r  func t ion  have been c a r r i e d  out dur ing  
o r b i t a l  space f l i g h t s  of Sovie t  cosmonauts. 

Movements of t h e  cosmonautls head and body measured f o r  speed, amplitude 
and d i r e c t i o n  served  a s  adequate s t i m u l i .  The-program of  i n v e s t i g a t i o n  
included t h e  fol lowing t e s t s :  

1 )  a  t e s t  t o  determine muscular tonus of  t h e  arms (maintaining e q u i l i b -  
rium of t h e  o u t s t r e t c h e d  arms wi th  c losed  eyes) ;  

2) t h e  f inger - to- the-nose  t e s t ;  

3) a  t e s t  t o  determine f i n e  coordinated movements (cor rec tness  of 
ske tch ing  geometr ical  f i g u r e s  -- s p i r a l s ,  s t a r s ,  and two p a i r s  o f  p a r a l l e l  
l i n e s )  ; 

4) s tudy  of  t h e  tonus of t h e  ocu la r  muscles and coordinat ion o f  eye 
movements. 

An electro-oculogram was used a d d i t i o n a l l y ,  which made i t  poss ib l e  t o  
r eco rd  nystagmus during expressed v e s t i b u l a r  e f f e c t s  and asymmetry i n  t h e  
f u n c t i o n  o f  t h e  r i g h t  and l e f t  v e s t i b u l a r  apparatus .  

As a  r e s u l t  o f  t h e  i n v e s t i g a t i o n s ,  an absence of ves t ibu lo-somat ic  
d i s o r d e r s  .and d i s r u p t i o n s  of coord ina t ions  of movement was noted;  v e s t i b u l o -  
v e g e t a t i v e  and ves t ibu losensory  phenomena which occurred i n  c e r t a i n  cases  had 
a  f u n c t i o n a l l y  r eve r se  cha rac t e r .  



However, t h e  enumerated methods d id  not  permit ana lys i s  of  t h e  func t iona l  
s t a t e  of  t h e  v e s t i b u l a r  apparatus  and i t s  r o l e  i n  t h e  ind ica t ed  d i so rde r s  
s epa ra t e ly  from o t h e r  s t a t o k i n e t i c  systems of man ( v i s u a l ,  cerebellum, 
and propr iocept ion)  . 

Data obta ined  dur ing  s tudy  of t h e  v e s t i b u l a r  func t ion  under condi t ions  of 
prolonged weight lessness  cannot answer s eve ra l  ques t ions :  how a r e  t h e  
s e n s i t i v i t y  and s t imu la t ion  th re sho lds  of t h e  v e s t i b u l a r  apparatus  a l t e r e d ,  
a r e  t h e r e  elements o f  adapta t ion ,  what a r e  t h e  mechanisms i n  d i s r u p t i o n  o f  
s p a t i a l  o r i e n t a t i o n ,  and what a r e  t h e  c h a r a c t e r i s t i c s  of  i n t e r a c t i o n  of t h e  
v e s t i b u l a r ,  motor and v i s u a l  analyzers  which form t h e  s p a t i a l  concept i n  man. 

I t  i s  a l s o  necessary t o  consider  t h a t  i n v e s t i g a t i o n s  of  t h e  v e s t i b u l a r  / 2 l J  
func t ion  were conducted with the  incomplete o b j e c t i v e  of record ing  r e a c t i o n s .  
Thus, t h e  problem of  t h e  r o l e  o f  t h e  v e s t i b u l a r  ana lyzer  i n  space f l i g h t s  has  
been i n s u f f i c i e n t l y  s tud ied ,  and t h e  hypotheses mentioned have not  been 
confirmed by experimental da t a .  

The s p e c i a l  condi t ions  of  t h e  v i t a l  func t ion  o f  a  cosmonaut during f l i g h t  
i n  a  spaceship a r e  a  s i g n i f i c a n t  b a r r i e r  t o  s tudy  o f  t h e  v e s t i b u l a r  func t ion ,  
because not  one of  t h e  e x i s t i n g  present  methods of  i n v e s t i g a t i n g  t h e  v e s t i b -  
u l a r  analyzer  i s  s u i t a b l e  without  r a d i c a l  changes. The d i f f i c u l t i e s  of 
s tudying a r e  a l s o  inc luded  i n  t h e  f a c t  t h a t  weight lessness  and adequate 
s t i m u l i  (angular  and C o r i o l i s  acce l e ra t ions )  during space f l i g h t  have a  
complex e f f e c t  on t h e  v e s t i b u l a r  analyzer  i n  var ious  combinations and 
sequences.  I t  i s  very  d i f f i c u l t  t o  i m i t a t e  t h e  f a c t o r s  of  space f l i g h t ,  and 
impossible  t o  i m i t a t e  weight lessness  under l abo ra to ry  condi t ions .  

We propose c e r t a i n  ways and methods of i n v e s t i g a t i n g  t h e  v e s t i b u l a r  
ana lyzer  under condi t ions  of prolonged weight lessness .  Adequate s t i m u l i  may 
be  t h e  var ious  movements of  t h e  cosmonaut's head and body and r o t a t i o n  o f  t h e  
spaceship i t s e l f .  Moreover, it i s  poss ib l e  t o  s tudy t h e  r o l e  of C o r i o l i s  
acce l e ra t ions  i n  development of motion s ickness  according t o  a  s p e c i a l l y  
developed program wi th  regard t o  cumulative e f f e c t s .  We suggest  ga lvanic  and 
pulsed  cu r ren t  of d i f f e r e n t  c h a r a c t e r i s t i c s  a s  inadequate  s t i ~ a u l i .  

E lec t rophys io logica l  s tudy of t h e  v e s t i b u l a r  ana lyzer  enjoys an almost 
150-year h i s t o r y .  The f i r s t  experiments with e l e c t r i c a l  s t imu la t ion  of t h e  
v e s t i b u l a r  apparatus  d a t e  back t o  t he  beginning o f  t h e  p a s t  cen tury  
( R i t t e r  and Purk in je ,  1820). 

We know t h a t  e l e c t r i c a l  c u r r e n t ,  which i s  t he  u n i v e r s a l  phys io logica l  
s t imulus ,  by ac t ing  on t h e  v e s t i b u l a r  ana lyzer ,  may produce t h e  same r e a c t i o n s  
a s  those  dur ing  adequate s t imu la t ions  o f  t h e  v e s t i b u l a r  analyzer  o r  with t h e  
c a l o r i c  t e s t .  

In  c l i n i c a l  p r a c t i c e ,  t h e  so -ca l l ed  ga lvanic  t e s t  i s  r e a c t i o n  t o  pass ing  
a  d i r e c t  cu r r en t  through t h e  head, and i s  accompanied by t h e  t o t a l  sum 
of c h a r a c t e r i s t i c  v e s t i b u l a r  r e a c t i o n s  - -  sensory,  motor, and t o  a  l e s s e r  
ex t en t  vege ta t ive .  Reactions of t i l t i n g  t h e  head and body, which a r e  more 



convenient t o  observe and record,  developed more r ap id ly  and e a s i e s t  of  a l l  
during e l e c t r i c a l  s t imula t ion  of t h e  v e s t i b u l a r  analyzer .  The na tu re  of motor 
r eac t ions  i s  determined by t h e  d i r e c t i o n ,  i n t e n s i t y  and form of t h e  stimu- 
l a t i n g  cu r ren t .  Thus, f o r  example, during crossgalvanizat ion of  t h e  head, /214 - 
t i l t i n g  of the  body and f a l l i n g  always t ake  p lace  i n  the  d i r e c t i o n  of  t h e  
anode. 

Many Soviet  and fore ign  s c i e n t i s t s  have been concerned with e l e c t r o -  
phys io logica l  s t u d i e s  of t h e  v e s t i b u l a r  funct ion  i n  man and animals f o r  t h e  
purpose o f  a  t h e o r e t i c a l  b a s i s  and p r a c t i c a l  ana lys i s  of t h e  model [ l l ,  23, 
35-37, 57, 59, 61, 70, 82, 85, 96, 971. 

Among galvanovest ibular  r eac t ions ,  . study has been made of t o n i c  r e f l exes  
t o  t h e  ocu la r  and ce rv ica l  muscles, ga lvanic  nystagmus, v a r i a t i o n s  i n  t h e  
r e f l e x  tonus of  t h e  ex t remi t i e s ,  f a l l i n g ,  and a l s o  r e f l e x  v a r i a t i o n s  i n  
r e s p i r a t i o n  and blood pressure .  

While t h e  methodology o f  t h e  ga lvanic  t e s t  has been r a t h e r  well  
developed, many t h e o r e t i c a l  aspects  of  t h i s  inves t iga t ion  such a s  t h e  
mechanism o f  t h e  e f f e c t  of cu r ren t ,  t h e  o r i g i n  of galvanic nystagmus and 
o t h e r s  remain unexplained. The l e a s t  s tud ied  problem i s  t h e  poin t  of applying 
t h e  e l e c t r i c a l  s t imulus within the  environs of the  v e s t i b u l a r  analyzer .  There 
i s  an opinion on t h e  e f f e c t  o f  current  on t h e  e n t i r e  v e s t i b u l a r  analyzer  as  a  
whole, b u t  with t h e  major i ty  of t h e  e f f e c t  being on the  cord of  t h e  v e s t i b u l a r  
nerve,  i t s  nucleus i n  t h e  medulla oblongata, and the  cen t ra l  branches i n  t h e  
cor tex .  

However, most inves t iga to r s  f e e l  on t h e  b a s i s  of experimental research 
t h a t  e l e c t r i c  cu r ren t  a c t s  pr imar i ly  on the  per iphera l  branch of  t h e  
analyzer ,  i . e .  on t h e  r ecep to r  apparatus of  t h e  l abyr in th ,  innervat ing  t h e  
nerve  f i b e r s  and t h e  Skarpovskiy ganglion. According t o  Barani [49] , galvanic 
cu r ren t  a c t s  on t h e  v e s t i b u l a r  centers  i n  t h e  medulla oblongata, and on t h e  
Deygers nucleus.  

I t  was e s t ab l i shed  i n  experiments on pigeons t h a t  t h e  ga lvanic  r eac t ions  
remain even a f t e r  two-sided e x t i r p a t i o n  of  t h e  labyr in ths ,  which i s  r e l a t e d  
t o  s t imula t ion  of t h e  b ra in  cen te r s .  According t o  Marinesco and Kreindler  
[96], t h e  t o t a l  time of the  pulsed current  and value of the  i n t e r v a l  between 
pu l ses  a r e  i n d i c a t o r s  of t h e  e x c i t a b i l i t y  of  the  bulbar  v e s t i b u l a r  cen te r s .  
During an e l e c t r i c a l  t e s t ,  according t o  Quix [98],  both t h e  ampullar and 
o t o l i t h i c  apparatus a r e  s t imula ted  simultaneously. Dohlman [68] sugges ts  t h a t  
t h e  galvanovest ibular  r e f l exes  a r e  caused by t h e  e f f e c t  of  d i r e c t  cu r ren t  on 
t h e  o t o l i t h i c  r ecep to r s  and t h e  f i b e r s  of  t h e  v e s t i b u l a r  nerve connected t o  
them which come from t h e  Skarpovskiy ganglion. 

S. N .  Khechinashvili  [37, 381 i n  h i s  well  known research wr i t e s  t h a t  
e l e c t r i c a l  cu r ren t  a c t s  on t h e  neuroepithelium of  t h e  semici rcular  canals .  
Mackenzie [94], and then Junger [84], attempted t o  i n v e s t i g a t e  ga lvanic  
nystagmus q u a n t i t a t i v e l y .  Galvanic cu r ren t  was used as a  s t imulus of t h e  
v e s t i b u l a r  analyzer  by Ye. M. Yuganov and colleagues on sub jec t s  during /215 - 



f l i g h t s  along a Kepler parabola,  The r eac t ions  obtained hardly  d i f f e r e d  from 
v e s t i b u l a r  r e f l e x e s  which developed during b r i e f  periods of weightlessness o r  
upon s t imula t ion  of  t h e  semici rcular  canals  by t h e  r o t a t i o n a l  t e s t ,  

Hennbert (1950), reviewing t h e  s t a t u s  of t h i s  problem, says t h a t  i n  an 
undamaged v e s t i b u l a r  analyzer  s e n s i t i v i t y  t o  galvanic current  decreases from 
t h e  periphery t o  t h e  cen te r .  Upon d i s rup t ion  o f  t h e  receptor ,  s t imula t ion  may 
begin a t  t h e  Skarpovskiy ganglion and then propagate toward t h e  c e n t r a l  
branches. 

The galvanic t e s t  may cause r eac t ions  upon t o t a l  des t ruc t ion  o f  t h e  
l abyr in th ,  which has been proven by many authors  on the  b a s i s  o f  c l i n i c a l  
observat ions [ 6 3 ,  95, 971 and experimentally on monkeys [102] and pigeons 
[831 

Thus, desp i t e  t h e  ind ica ted  d i f f i c u l t i e s  and de f i c i enc ies  of t h e  method 
o f  studying t h e  v e s t i b u l a r  funct ion  with t h e  h e l p  o f  e l e c t r i c a l  cu r ren t ,  t h i s  
method may be very valuable i n  p r a c t i c a l  and t h e o r e t i c a l  aspects .  The use o f  
e l e c t r i c a l  cu r ren t  t o  i n v e s t i g a t e  t h e  v e s t i b u l a r  analyzer  gene ra l ly  and, i n  
p a r t i c u l a r ,  during o r b i t a l  f l i g h t  i n  a  spaceship has a  number of advantages: 

a )  t h e  p o s s i b i l i t y  of  using given, s t r i c t l y  proportioned (beginning from 
threshold)  and p r e c i s e l y  measured e f f e c t s  (s t imulus con t ro l )  ; 

b) the  u n i v e r s a l i t y  o f  the  s t imulus i n  the  sense o f  i t s  c a p a b i l i t y  of 
e l i c i t i n g  opposi te  r eac t ion ;  

c)  i t s  s a f e t y ;  

d)  the  p o s s i b i l i t y  o f  using por t ab le  and smal l -s ize  instruments .  

Proceeding from known t e n e t s  of electrophysiology and t h e  s tudy of  
l a b i l i t y ,  pulsed cu r ren t  i s  more o f  a  physiological  s t imulus than i s  galvanic;  
it may be used more e f f e c t i v e l y  under condit ions of  weightlessness as  t h e  most 
optimum elec t ros t imulus  f o r  inves t iga t ing  t h e  s e n s i t i v i t y  and r e a c t i v i t y  
thresholds  of t h e  v e s t i b u l a r  analyzer .  Inves t iga t ions  should be c a r r i e d  out 
with the  he lp  of a  s p e c i a l  po r t ab le  on-board device - -  a genera tor  of 
e l e c t r i c a l  s t imul i .  

With regard t o  c a l o r i c  inves t iga t ion ,  i t s  s ign i f i cance  i s  d i f f i c u l t  t o  
evalua te .  I t  i s  wel l  known t h a t  c a l o r i c  inves t iga t ion  i s  one of  t h e  most 
widely used methods f o r  s tudying the  v e s t i b u l a r  analyzer .  During t h e  p a s t  
decade, many authors  have introduced various modif icat ions i n t o  t h e  method- 
ology of t h e  c a l o r i c  t e s t .  

Mechanisms of t h e  e f f e c t  of  d a l o r i c  s t imula t ion  and t h e  ensuing ves t ib -  
u l a r  r eac t ions ,  i n  p a r t i c u l a r  nystagmic r eac t ion ,  u n t i l  t h e  present  have not  
been f u l  ly  explained . 



One of t h e  most important problems i n  development of c a l o r i c  inves t iga -  /216 - 
t i o n  i s  working out a  method of  c a l o r i c  analys is  of t h e  e x c i t a b i l i t y  of  the  
v e s t i b u l a r  analyzer .  Many authors  [25, 64, 891 a t t r i b u t e  only a  q u a l i t a t i v e  
s ign i f i cance  t o  the  c a l o r i c  t e s t .  However, Barse [52], Arslan [48] and 
Langraf think it i s  poss ib le  t o  develop a  s tandard q u a n t i t a t i v e  method of 
c a l o r i c  t e s t i n g .  

U n t i l  t h e  present ,  t h e  problem of c r i t e r i a  f o r  analyzing t h e  e x c i t a b i l i t y  
o f  t h e  v e s t i b u l a r  analyzer  according t o  developing reac t ions  has not been 
resolved i n  c a l o r i c  inves t iga t ion .  N .  M. Aspisov [4] ,  M. F. Ts i tovich  [43], 
A. I .  Shchadrin [40], Briinings [62], Boenninghaus [58] and o the r s  have 
analyzed t h e  e x c i t a b i l i t y  of  t h e  v e s t i b u l a r  analyzer  by t h e  amount of water 
r equ i red  t o  ob ta in  nystagmus. Some inves t iga to r s  determine t h e  threshold  
according t o  t h e  time of onset  of c a l o r i c  nystagmus [ l l ,  42, 46, 67, 1001. 
Many authors  [14, 19, 831 judge t h e  s t a t u s  of v e s t i b u l a r  funct ion  by t h e  
dura t ion  of c a l o r i c  nystagmus. M .  F .  Ts i tovich  [43], F. M .  Iose levich  [19], 
I .  A. Sklyut  [34], F i t zge ra ld  and Hallpike [72], Wodak [105], and Carmichael, 
Dix and Hal lp ike  [65] have used c a l o r i c  r eac t ions  f o r  the  purpose of 
expla in ing  the  r e l a t i o n s h i p  of t h e  v e s t i b u l a r  analyzer  t o  t h e  cerebra l  cor tex ,  
and t o  expla in  t h e  reasons f o r  v e s t i b u l a r  asymmetry. 

Conducting c a l o r i c  inves t iga t ion  during space f l i g h t  would be of g r e a t  
s c i e n t i f i c  importance i n  both a  prac tkcal  and t h e o r e t i c a l  sense. The essence 
o f  the  former i s  included i n  con t ro l  of t h e  funct ional  s t a t e  of  t h e  v e s t i b u l a r  
analyzer  a t  various s tages  of space f l i g h t  by determining the  th resho lds  of 
i t s  s e n s i t i v i t y  and e x c i t a b i l i t y .  

The t h e o r e t i c a l  aspect  of  t h e  inves t iga t ions  i s  an explanat ion o f  t h e  
mechanism of t h e  c a l o r i c  r eac t ion  from t h e  poin t  of view of  the  s i g n i f i c a n c e  
o f  temperature convection i n  t h e  l abyr in th  f o r  development of v e s t i b u l a r  
r eac t ions .  

We know t h a t  t h e  phys ica l  theory of c a l o r i c  nystagmus is based on t h e  
phenomenon of n a t u r a l  temperature convection. According t o  Benedict [54], 
during weightlessness n a t u r a l  convection i n  l i q u i d s  i s  lacking with preserva-  
t i o n  o f  a  much l e s s  a c t i v e  mechanism of molecular hea t  conduct iv i ty .  Thus, i f  
t h e  processes o f  na tu ra l  convection i n  t h e  endolymph a r e  the  b a s i s  of t h e  
mechanism of  c a l o r i c  t e s t i n g ,  v e s t i b u l a r  reac t ions  during c a l o r i c  t e s t i n g  i n  
weightlessness should be absent o r  appear i n  some unusual form. 

I t  i s  proposed t o  conduct inves t iga t ions  with the  he lp  o f  a  minia tur ized  
instrument e spec ia l ly  developed f o r  t h i s  purpose, t h e  b a s i s  of which i s  
e l e c t r i c a l  hea t ing  and cooling of an olive-shaped i n s e r t  i n  t h e  acous t i c  
duct .  The device  permits  p r e c i s e  proport ioning and measuring of  t h e  temper- 
a t u r e  of the  l abyr in th  during t h e  study, which makes it poss ib le  t o  ob ta in  a  - /217 
comparative q u a l i t a t i v e  and q u a n t i t a t i v e  analys is  of the  e x c i t a b i l i t y  of t h e  
v e s t i b u l a r  analyzer .  

Methods of recording and analyzing v e s t i b u l a r  reac t ions  c a r r i e d  out with 
t h e  h e l p  of te lemetry ,  and a l s o  d i r e c t l y  on board t h e  spaceship,  should be as 



prec i se  and ob jec t ive  as  poss ib le .  However, t h e  importance of sub jec t ive  
sensa t ions  of t h e  cosmonaut, and a l s o  medical monitoring on board t h e  space- 
s h i p  a r e  not  excluded. 

Greates t  a t t e n t i o n  should be given t o  using e lec t rophysio logica l  methods 
t o  record physiological  funct ions ,  making it poss ib le  t o  r evea l  t h e  s l i g h t  
v a r i a t i o n s  i n  t h e  func t iona l  s t a t e  of t h e  v e s t i b u l a r  analyzer  i n  somatic and 
vegeta t ive  r e f l exes .  

1. Sensory r eac t ions .  I l l u s o r y  sensa t ions  of p o s i t i o n  and motion of t h e  
body i n  space, and t h e  na tu re  and d i r e c t i o n  of  Purk in je ' s  v i s u a l  sequen t i a l  
image. Study of  t h e  i n t e r a c t i o n  of t h e  v e s t i b u l a r  and v i s u a l  analyzers  i s  
accomplished with t h e  h e l p  of t h e  v i s u a l  image. According t o  t h e  l i t e r a t u r e ,  
t h e r e  i s  a more indiv idual  d i s t i n c t i o n  i n  formation of a  v i s u a l  sequen t i a l  
image, which i s  expressed by a d i f f e r e n t  l a t ency  per iod  and ove ra l l  dura t ion ,  
which correspondingly cha rac te r i zes  t h e  s t a t e  of t h e  i n h i b i t i n g  and stimu- 
l a t i n g  processes of t h e  c e n t r a l  nervous system. According t o  S.  P .  Narikash- 
v i l i  [29] and L. T. Zagorul'ko [IS, 161, c h a r a c t e r i s t i c  v a r i a b i l i t y  of t h e  
v i sua l  image r e f l e c t s  indiv idual  c h a r a c t e r i s t i c s  ( the  type) of h ighe r  nervous 
a c t i v i t y .  

Many authors  [56, 69, 75, 81, 90, 1011 consider  t h e  v a r i a b i l i t y  of t h e  
sequen t i a l  image from t h e  poin t  of view of t h e  interdependence of  t h e  
pe r iphe ra l  v i s u a l  apparatus and c e n t r a l  branches of t h e  v i s u a l  analyzer .  In  
connection with the  o v e r a l l  problem of  the  i n t e r a c t i o n  of  a f f e r e n t  systems put  
f o r t h  by L .  A. Orbel i ,  a  s i g n i f i c a n t  p o s i t i o n  i s  occupied by study of t h e  
funct ional  i n t e r r e l a t i o n s h i p s  of t h e  organs o f  sense during development of 
a f t e r e f f e c t  phenomena i n  them. The sequent ia l  image has been used by a number 
of  authors  [ 2 ,  6 ,  15-17, 291 t o  study c h a r a c t e r i s t i c s  of t h e  i n t e r a c t i o n  of 
various analyzers .  

The inves t iga t ions  of  L. T. Zagoml'ko [IS] ind ica ted  t h a t  due t o  t h e  
e f f e c t  of s t imula t ing  t h e  v e s t i b u l a r  apparatus,  c h a r a c t e r i s t i c  v a r i a t i o n s  t ake  
p lace  i n  t h e  sequen t i a l  image i n  t h e  d i r e c t i o n  of motion: it i s  shortened and 
clouded. Study of t h e  v i s u a l  sequen t i a l  image was c a r r i e d  out on an a i r c r a f t  
while  executing various f l i g h t  maneuvers, and a l s o  when f ly ing  along a 
Kepler parabola [77]. A s  a  r e s u l t  of  t h e  inves t iga t ions ,  d e f i n i t e  cha rac te r -  
i s t i c s  were revealed:  a s  G-loads increase ,  t h e  image moved downward, and it /218 
moved upward during p a r t i a l  o r  t o t a l  weightlessness.  This  d i r e c t i o n  of 
movement of  t h e  v i s u a l  image i s  apparently r e l a t e d  t o  t h e  e f f e c t  of t h e  
o t o l i t h i c  apparatus on t h e  v i s u a l  analyzer ,  which i s  confirmed by ground 
experiments . 

I t  is obvious t h a t  co r rec t  analys is  of t h e  r e s u l t s  obtained during s tudy 
of t h e  sequen t i a l  image i s  poss ib le  only upon a c o r r e c t  concept of those 
elements of  t h e  analyzer  which a r e  a  substratum f o r  development of s i m i l a r  
processes.  

In t h e  opinion of some inves t iga to r s ,  t h e  loca t ion  of  development of 
sequent ia l  sensa t ions  i s  t h e  per iphera l  a reas  of t h e  analyzers .  Others f e e l  



t h a t  t h e  sequen t i a l  sensa t ions  develop i n  connection with processes of  t h e  
a f t e r e f f e c t  which occur i n  the  cerebrum; t h e  receptor  i s  t h e  source of 
s t imula t ion  pulses .  

There a r e  two methods of  obta in ing  t h e  v i sua l  sequen t i a l  image upon 
adequate s t imula t ion  of the  r e t i n a  - -  by b r i e f  ( f r a c t i o n s  of a  second) and 
prolonged ( t ens  of a  second) exposures t o  l i g h t  [18, 22, 773. The advantage 
of t h e  f i r s t  method i s  t h e  p o s s i b i l i t y  of obta in ing  very p r e c i s e  time da ta ;  
however, t h e  second method is much simpler  and more convenient, because it 
requ i re s  no complex apparatus.  

I t  was noted i n  t h e  inves t iga t ions  of  B .  B .  Bokhov [8], who used t h e  
method of prolonged s t imula t ion ,  t h a t  t h e  most i n d i c a t i v e  v a r i a t i o n  of  v i s u a l  
s e q u e n t i a l  image during v e s t i b u l a r  s t imula t ions  i s  the  movement of t h e  image. 

2. Motor r eac t ions .  These inc lude  t h e  following t e s t s :  t i l t i n g  o f  t h e  
head, body and arms, t h e  v e r t i c a l  wr i t ing  t e s t ,  s tudy of t h e  motor a c t i v i t y  of  
t h e  eyes, electronystagmography and electromyography . 

A number o f  authors  [27, 33,  SO, 78, 1041 has been involved i n  developing 
methods o f  inves t iga t ing  ves t ibu losp ina l  r e f l e x e s .  The i n v e s t i g a t o r s  proposed 
t h e i r  methods of graphica l  recording of  t h e  poin t ing  t e s t  which permit 
ob jec t ive  ana lys i s  of t h i s  r eac t ion ;  however, they have not  gained s u f f i c i e n t  
disseminat ion.  

U n t i l  t h e  present ,  Barani 's  i nd ica t ing  t e s t  has  been used i n  t h e  c l i n i c ,  
which is  a  complex motor r eac t ion  r e l a t e d  t o  a  coordinated funct ion  of  t h e  
motor analyzer ,  i . e .  with conscious a c t i v i t y  of man. 

The r eac t ions  of  t i l t i n g  t h e  arms and reac t ions  of arm tonus described by 
Wodak and Fischer  more ob jec t ive ly  r e f l e c t  the  na ture  and degree of t o n i c  
r e f l e x  during v e s t i b u l a r  s t imula t ion .  

The v e r t i c a l  wr i t ing  t e s t ,  which i s  a  v a r i a t i o n  of  t h e  ind ica t ing  t e s t ,  
was proposed by t h e  Japanese o torhinolaryngologis t  Fukuda [74]. The t e s t  i s  a  /219 
method o f  graphica l  recording of  ves t ibu losp ina l  r e f l e x e s  which take  p lace  
upon d i s rup t ion  of the  so-ca l led  l abyr in th  equil ibr ium. 

The i n d i c a t o r  of d i s rup t ion  of  t o n i c  e f f e c t s ,  o r i g i n a t i n g  from t h e  r i g h t  
and l e f t  l abyr in ths ,  i s  r e d i s t r i b u t i o n  of  t h e  tonus of body musculature, i n  
p a r t i c u l a r  of t h e  upper ex t remi t i e s ,  which i s  expressed i n  asymmetrical 
i n c l i n a t i o n  of t h e  arms i n  one o r  another  d i r e c t i o n .  According t o  Fukuda, 
v e r t i c a l  wr i t ing  i s  charac ter ized  by pure ly  ob jec t ive  r e s u l t s  o f  recording ,  
and is  a  s e n s i t i v e  t e s t ,  reveal ing  prenystagmic ves t ibu losp ina l  r e f l exes  upon 
weak s t imula t ion  of t h e  v e s t i b u l a r  apparatus.  

The t e s t  reveals  changes i n  muscle tonus upon various funct ional  and 
o rgan ic  d i s rup t ions  of the  v e s t i b u l a r  analyzer .  I t  i s  expedient t o  use  t h e  
v e r t i c a l  wr i t ing  t e s t  as modified by B .  B .  Bokhov [8 ]  f o r  inves t iga t ions  under 
s p e c i a l  condi t ions .  



Electromyography under condit ions of weightlessness i s  of g rea t  i n t e r e s t  
f o r  s tudy of t h e  na ture  o f  v e s t i b u l a r  r eac t ions .  Se lec t ion  of a  r a t i o n a l  
method of  monitoring and e lec t rophysio logica l  measurements of  t h e  biopoten- 
t i a l s  of corresponding muscles is an important condit ion f o r  ob jec t ive  
recording of  somatic r e f l e x e s ,  r e f l e c t e d  i n  v a r i a t i o n  of  muscular tonus o f  t h e  
neck, body, ex t remi t i e s  and eyes. 

3. Vegetative r eac t ions .  These a re  pulse  and r e s p i r a t i o n  r a t e  ( e l e c t r o -  
cardiography) , pneurnography and t h e  galvanocut aneous r e f l e x  . 

Electroencephalography (EEG) occupies a  s p e c i a l  p o s i t i o n  among e l e c t r o -  
physiological  methods of  inves t iga t ion .  The v e s t i b u l a r  funct ion  has f o r  many 
years  been s tud ied  with t h e  he lp  of  electroencephalography, which has played 
an important r o l e  i n  reveal ing  l o c a l i z a t i o n  of  t h e  c o r t i c a l  region o f  t h e  
v e s t i b u l a r  analyzer  and i n t e r r e l a t i o n s h i p s  of the  cor tex  and s u b c o r t i c a l  
formations [4,  5,  7, 12, 20, 21, 241. 

The papers enumerated above i l l umina te  t h e  problem of EEG f l u c t u a t i o n  due 
t o  t h e  e f f e c t  of v e s t i b u l a r  s t imula t ions ,  and i n d i c a t e  the  r o l e  of t h e  
ce reb ra l  cor tex  i n  forming v e s t i b u l a r  r eac t ions .  Consequently, t h e  use  of EEG 
t o  record v e s t i b u l a r  r e a c t i o n s  during space f l i g h t  i s  q u i t e  well founded. 

The s p e c i f i c  condit ions i n  a  spaceship r e q u i r e  r e s t r i c t i o n  of weight,  
s i z e  and power requirements of t h e  on-board equipment, and p ro tec t ion  of it 
from the  h a r m f u l - e f f e c t s  o f  space f l i g h t .  Other requirements which t h e  /220 
equipment must s a t i s f y  a r e  r e l i a b i l i t y  i n  operat ion,  r e s i s t a n c e  t o  i n t e r f e r -  
ence and h igh-qual i ty  recording.  

The most f e a s i b l e  f o r  use on board a  spaceship a r e  compact, composite 
instruments which permit severa l  types of  inves t iga t ion  and recording.  Thus, 
f o r  example, i nves t iga t ion  of t h e  motor a c t i v i t y  of  t h e  eyes, v e r t i c a l  wr i t ing  
and v i s u a l  sequen t i a l  image t e s t s  a r e  a l l  ca r r i ed  out on the  same s p e c i a l  
small-s ize instrument .  

Much a t t e n t i o n  must be given t o  development and use  of  appropr ia te  
e lec t rodes  which should s a t i s f y  t h e  condit ions of space f l i g h t .  Thus, t h e  
urgent  problems of  space medicine a r e  inves t iga t ion  of t h e  v e s t i b u l a r  func t ion  
during space f l i g h t  with the  aim 0.f reveal ing  t h e  mechanisms of v e s t i b u l a r  
d i s rup t ions ,  s tudy of the  c h a r a c t e r i s t i c s  o f  i n t e r a c t i o n  of v e s t i b u l a r  and 
o ther  analyzers ,  and c rea t ion  of  s t a b l e  v e s t i b u l a r  r e s i s t a n c e  by concerted 
a c t  ion t o  v e s t i b u l a r  r eac t ions .  
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ON T H E  PROBLEM O F  THE IMPORTANCE O F  P A R A B O L I C  F L I G H T  T O  
REPRODUCE B R I E F  P E R I O D S  OF WEIGHTLESSNESS I N  V E S T I B U L A R  

E V A L U A T I O N  OF COSMONAUTS 

I .  A .  Kolosov, V. 1 .  Lebedev, 
G. F. Khlebnikov and I .  F.  Chekirda 

ABSTRACT. The p o s s i b i l i t y  of using parabol ic  f l i g h t s  t o  
c r e a t e  b r i e f  per iods of weight lessness  f o r  v e s t i b u l a r  s e l ec -  
t i on  of cosmonauts i s  considered.  It was shown t h a t  paro- 
bol i c  f l  i g h t s  reveal persons who a r e  prone t o  motion s i ck -  
ness .  The use of add i t i ona l  v e s t i b u l a r  s t imula t ion  during 
weight lessness  he lps  t o  reveal persons with l a t e n t  forms 
of motion s ickness .  

As a  r e s u l t  of t h e  succes s fu l  f l i g h t s  of Sovie t  and American a s t r o n a u t s ,  
ex t ens ive  s c i e n t i f i c  d a t a  has  been obta ined  on t h e  e f f e c t  of  a  complex o f  
space f a c t o r s  on t h e  human organism, which i n d i c a t e  t h a t  t h e  organism on t h e  
whole adapts  r a t h e r  we l l  t o  condi t ions  of  prolonged weight lessness  [ 3 ,  8, 91. 

However, it i s  d i f f i c u l t  t o  say  whether t h e  work c a p a b i l i t y  and func-  
t i o n a l  a c t i v i t y  o f  both systems and organs vary  during weight lessness .  

Facts  i n d i c a t e  t h a t  t h e  v e s t i b u l a r  ana lyzer  during space f l i g h t  endures 
t h e  most i n t e n s i v e  and prolonged s p e c i f i c  e f f e c t s  compared t o  t h e  o t h e r  organs 
and systems, and it r e q u i r e s  more c a r e f u l  s tudy when s e l e c t i n g  and t r a i n i n g  
cosmonauts f o r  space f l i g h t .  

Real prospec ts  f o r  d i s t a n t  f l i g h t  a r e  connected with more prolonged s t a y s  
of  cosmonauts under condi t ions  of  weight lessness;  t h e r e f o r e ,  t h e  problem o f  
more c a r e f u l  v e s t i b u l a r  s e l e c t i o n  and t r a i n i n g  of  cosmonaut candidates  becomes 
very r e l e v a n t .  Ves t ibu la r  s e l e c t i o n  o f  airmen and seamen was given g r e a t  
a t t e n t i o n  i n  i t s  t ime [ 2 ,  5-7,  10-121, as  a  r e s u l t  o f  which e f f e c t i v e  method- 
ology o f  s e l e c t i n g  and t r a i n i n g  was worked ou t .  

The f l i g h t  o f  G .  S .  T i tov  aboard Vostok 2 ,  which l a s t e d  more than  25 h r ,  
i n d i c a t e d  t h a t  e x i s t i n g  methods o f  i n v e s t i g a t i n g  t h e  func t ion  of t h e  v e s t i b -  
u l a r  ana lyzer  do no t  q u i t e  s a t i s f y  requirements s e t  f o r t h  f o r  s e l e c t i o n  o f  
crew members of modern s p a c e c r a f t .  For t h i s  purpose we have at tempted t o  f i n d  
a d d i t i o n a l  methods o f  v e s t i b u l a r  s e l e c t i o n  o f  cosmonauts, based on t h e i r  /224  
maximum s i m i l a r i t y  t o  condi t ions  o f  a c t u a l  space f l i g h t .  Se l ec t ion  centered  
on p a r a b o l i c  f l i g h t s  c a r r i e d  ou t  i n  j e t  a i r c r a f t ,  which produced b r i e f  per iods  
of weight lessness  l a s t i n g  2 0 - 4 5  sec .  There were two reasons f o r  t h e  b a s i s  
of t h i s .  



During f l i g h t  along a  pa rabo l i c  curve, t h e  s u b j e c t  encounters t he  same 
f a c t o r s  a s  during space f l i g h t ,  bu t  f o r  very much s h o r t e r  per iods o f  t ime and 
they a r e  l e s s  s eve re .  Noise, v i b r a t i o n ,  p o s i t i v e  l i n e a r  and angular  a c c e l e r -  
a t i o n s ,  Cor io l i s  acce l e ra t ions  developing dur ing  t i l t i n g  of  t h e  body and 
t u r n i n g  of  t he  head when f l y i n g  an a i r c r a f t ,  weight lessness ,  e t c .  a c t  on t h e  
cosmonauts. 

Reaction o f  t h e  o t o l i t h i c  r eg ion  o f  t h e  v e s t i b u l a r  apparatus  dur ing  
f l i g h t  of  a j e t  a i r c r a f t  along a  pa rabo l i c  curve i s  s i m i l a r  t o  t h a t  of 
sub jec t s  during rocking on a  four-beam swing; t h e  d i f f e r e n c e  c o n s i s t s  of t h e  
f a c t  t h a t  t h e  g r a v i t a t i o n a l  e f f e c t  i n  t h e  swing v a r i e s  over  a  l e s s e r  range 
(k0.4 g) during ascent  and descent  o f  t h e  p la t form,  and during f l i g h t  along a 
Kepler parabola  --  wi th in  t h e  range 4-5-0 g, i . e .  s e v e r a l  t imes more i n t e n s e .  

Study of  t he  func t iona l  s t a t e  of  t h e  v e s t i b u l a r  ana lyzer  was made be fo re  
t h e  f l i g h t ,  under condi t ions  of b r i e f  per iods  o f  weight lessness  and a f t e r  
t h e  f l i g h t .  Parabol ic  f l i g h t  f o r  weight lessness  was arranged such t h a t  t h e  
"hurnpsI1 o f  weight lessness  followed each o t h e r .  Moreover, G-loads were 
c rea ted  be fo re  and a f t e r  weight lessness .  

The v e s t i b u l a r  analyzer  was s tud ied  f o r  t h r e e  b a s i c  groups o f  
r eac t ions  -- t h e  sensory component ( sub jec t ive  s e n s a t i o n s ) ,  v e g e t a t i v e  
component (pulse r a t e ,  r e s p i r a t i o n  r a t e ,  o v e r a l l  hyperhydrosis ,  and s k i n  
c o l o r ) ,  and t h e  animal component ( r eac t ions  observed dur ing  t h e  Barani 
r o t a t i o n a l  t e s t )  . The study was conducted on s u b j e c t s  who had undergone 
v e s t i b u l a r  s e l e c t i o n  according t o  t he  usua l  method wi th  good r e s u l t s .  

Analysis of t h e  d a t a  obta ined  dur ing  t h e  f l i g h t s  f o r  weight lessness  
i n d i c a t e s  t h a t  b a s i c  changes i n  t h e  sensory components a r e  observed a t  t h e  
moment G - 1  oads t ake  e f f e c t  and upon t r a n s i t i o n  from G-loads t o  weight lessness .  
Sensory r e a c t i o n s  were somewhat l e s s  expressed during t h e  pe r iod  o f  s t a b i l i z e d  
weight lessness  and a t  t he  moment o f  r e t u r n  t o  p o s i t i v e  G-loads. Sub jec t ive  
sensa t ions  observed during t h e  per iod  of G-load e f f e c t  were normal, and 
ind ica t ed  a  weight i nc rease  of  t h e  s u b j e c t .  A completely d i f f e r e n t  p i c t u r e  
was observed during t h e  t r a n s i t i o n  per iod  from G-loads t o  weight lessness ,  when 
t h e  v e s t i b u l a r  apparatus  rece ived  unusual s t imu la t ion  f o r  ground cond i t i ons .  
A t  t h i s  moment, 95% of  t h e  s u b j e c t s  displayed d i s rup t ions  o f  s p a t i a l  o r i e n t a -  - / 2 2  
t i o n  i n  t h e  form of an i l l u s i o n  of changing p o s i t i o n  ( a  s ensa t ion  o f  sha rp  
ascent  upwards, f a l l i n g  downward, f l y i n g  ups ide  down, on t h e  s i d e  and on t h e  
back, e t c . ) ,  s ensa t ions  of "hear t  f a i l u r e "  and con t r ac t ion  of t h e  f i e l d  o f  
v i s i o n .  

It i s  c h a r a c t e r i s t i c  t h a t  t h e  g r e a t e s t  number of cases  o f  unusual 
nega t ive  sensa t ions  was f e l t  by t h e  group of  nonflying personnel (63 .6%) ,  and 
somewhat l e s s  by p i l o t s  with comparatively b r i e f  f l i g h t  t r a i n i n g .  

The vege ta t ive  component of  v e s t i b u l a r  r e a c t i o n s  during p a r a b o l i c  f l i g h t  
a l s o  underwent unique changes, which included t h e  fol lowing.  



Pulse  and r e s p i r a t i o n  r a t e  during t h e  e f f e c t  o f  G-loads increased  
s h a r p l y ,  and it  reached 130-140 b e a t s  and 28-30 b rea th ing  cyc les  per  minute i n  
s u b j e c t s  who withstood p a r a b o l i c  f l i g h t  poorly.  A t  t h e  moment of  t r a n s i t i o n  
from G-loads t o  weight lessness  t h e r e  was a  decrease i n  pu l se  and r e s p i r a t i o n  
r a t e s  on t h e  background of  unusual sensory r e a c t i o n s ,  I t  i s  n a t u r a l  t h a t  i n  
personnel  who withstand f l i g h t  we l l ,  pu l se  and r e s p i r a t i o n  normalize r a p i d l y ;  
i n  those  who do not  withstand weight lessness  we l l ,  it i s  very  slow, and o f t e n  
p u l s e  and r e s p i r a t i o n  remain a t  a h igh  l e v e l  r i g h t  t o  t h e  end of  t h e  p e r i o d  o f  
weightlessness compared t o  i n i t i a l  d a t a  obtained dur ing  t h e  ho r i zon ta l  p o r t i o n  
o f  t h e  f l i g h t .  

The t ime o f  pu l se  and r e s p i r a t i o n  normalizat ion during t h e  po r t ion  of  
s t a b i l i z e d  weight lessness  i s  very  important f o r  d i agnos t i c  purposes.  I t  was 
e s t a b l i s h e d  t h a t  i n  subj  e c t s  who wi ths tand  condi t ions  o f  pa rabo l i c  f l i g h t  
w e l l ,  normal iza t ion  of pu l se  and r e s p i r a t i o n  begins by t h e  t e n t h  second, i n  
s u b j e c t s  wi th  average r e s i s t a n c e  -- by t h e  f i f t e e n t h  t o  twent ie th  second, and 
i n  those  who wi ths tand  t h e  f l i g h t  poor ly  -- by t h e  t h i r t y - f i r s t  t o  f o r t y - f i f t h  
second. For d i a g n o s t i c  purposes,  i t  i s  important t o  know how uns t ab le  were 
t h e  i n d i c a t o r s  o f  pu l se  and r e s p i r a t i o n  during weight lessness .  The presence  
of  severe  l a b i l i t y  of  pu l se  i n d i c a t e s  a  p r e d i s p o s i t i o n  t o  motion s i ckness .  No 
l e s s  important i n  analyzing ves t ibu lo -vege ta t ive  r e a c t i o n s  were sensa t ions  o f  
d i scomfor t  -- genera l  weakness, s luggishness ,  somnolence, headaches, increased  
s a l i v a t i o n ,  nausea, paleness  of t h e  f ace ,  cyanosis of t h e  l i p s ,  and genera l  
i nc reased  p e r s p i r a t i o n .  

In  ou r  research  of a  l a r g e  number of  sub jec t s  who e a r l i e r  underwent 
v e s t i b u l a r  s e l e c t i o n  and t r a i n i n g  dur ing  pa rabo l i c  El i g h t  , we noted ves t ibu lo -  
v e g e t a t i v e  r e a c t i o n s  i n  only  one p i l o t  and i n  four  nonf ly ing  s u b j e c t s .  

I t  was e s t a b l i s h e d  upon a n a l y s i s  o f  t h e  r e s u l t s  of conducting a r o t a -  
t i o n a l  t e s t  be fo re  and a f t e r  t h e  f l i g h t s  t h a t  i n  s u b j e c t s  who withstood 
p a r a b o l i c  f l i g h t  we l l ,  t h e  i l l u s i o n  o f  coun te r ro t a t ion  and p o s t - r o t a t i o n a l  
nystagmus became 3-5 s e c  s h o r t e r  a f t e r  t h e  f l i g h t  compared with i n i t i a l  d a t a .  
In  those  cases  when vege ta t ive  d i so rde r s  were observed during f l i g h t ,  which 
i n d i c a t e d  t h e  presence of  e x p l i c i t  o r  l a t e n t  forms o f  motion s i ckness ,  t h e  /226 
i l l u s i o n  o f  coun te r ro t a t ion  and p o s t - r o t a t i o n a l  nystagmus e i t h e r  d id  n o t  vary ,  
o r  lagged i n i t i a l  d a t a  by 2-5 s e c  ( i n  f i v e  s u b j e c t s ) .  I n  o r d e r  t o  v e r i f y  t h e  
given s i t u a t i o n ,  we conducted an a d d i t i o n a l  t e n f o l d  Barani r o t a t i o n a l  t e s t  
dur ing  f l i g h t  under condit ions of  weight lessness  with t h e  s i n g l e  d i f f e r e n c e  
t h a t  t h e  r o t a t i o n  v e l o c i t y  was two t imes g r e a t e r  than  on t h e  ground. 

Analysis  of  d a t a  obta ined  during t h e  f l i g h t  i nd ica t ed  t h a t  i n  s u b j e c t s  
who withstand p a r a b o l i c  f l i g h t  w e l l ,  t h e  i l l u s i o n  o f  coun te r ro t a t ion  and pos t -  
r o t a t i o n a l  nystagmus a r e  reduced by 4-6 s e c ,  compared t o  d a t a  under ground 
condi t ions .  This  i n  i t s e l f  confirms t h e  cor rec tness  of  our  pre l iminary  
assumption about t h e  d i agnos t i c  va lue  o f  t h e  modified Barani t e s t  be fo re  and 
a f t e r  f l i g h t s  f o r  weight lessness .  

Besides a l l  t h e  foregoing,  we a l s o  managed with t h e  h e l p  of t h e  ind ica t ed  
t e s t  t o  e s t a b l i s h  severe  ves t ibu lo -vege ta t ive  r eac t ions  (pronounced paleness  



of t h e  s k i n ,  cyanosis  o f  t h e  l i p s ,  genera l  hyperhydrosis ,  nausea, hyper- 
s a l i v a t i o n ,  e t c )  i n  fou r  sub jec t s  who had e a r l i e r  withstood f l i g h t s  f o r  
weight lessness  we l l .  I t  i s  c h a r a c t e r i s t i c  t h a t  the  i n d i c a t e d  s u b j e c t s  had 
e a r l i e r  passed v e s t i b u l a r  s e l e c t i o n  and s p e c i a l  v e s t i b u l a r  condi t ion ing  
succes s fu l ly .  

The u s e  o f  t h e  r o t a t i o n a l  t e s t  dur ing  weight lessness  made it  p o s s i b l e  t o  
determine s u b j e c t s  prone t o  motion s ickness  i n  t ime, and t o  show methods f o r  
f u r t h e r  condi t ion ing  of  t h e  v e s t i b u l a r  appara tus .  

Data of  t h e  observa t ions  c l e a r l y  show t h e  d i agnos t i c  va lue  of t h e  g iven  
method i n  s e l e c t i n g  personnel  prone t o  motion s ickness  during weight lessness .  
Thus, phenomena of ves t ibu lo -vege ta t ive  discomfort under condi t ions  o f  f l i g h t  
without a d d i t i o n a l  v e s t i b u l a r  s t imu la t ion  were d iscovered  i n  f i v e  s u b j e c t s ,  
and i n  fou r  s u b j e c t s  a f t e r  t en fo ld  r o t a t i o n  dur ing  weight lessness  (a  t o t a l  o f  
21.9%). 

The advantage of t h e  given method of  v e s t i b u l a r  s e l e c t i o n  c o n s i s t s  i n  t h e  
f a c t  t h a t  on t h e  background of  a  p e r i o d i c a l l y  changing g r a v i t a t i o n a l  f i e l d ,  
from 4-5 t o  0 g and r eve r se ,  any angular  movements l e a d  t o  r a p i d  accumulation 
of  C o r i o l i s  a c c e l e r a t i o n s  and severe  vege ta t ive  r e a c t i o n s ;  t h i s  method i s  used 
t o  check t h e  s t a b i l i t y  o f  t h e  o t o l i t h i c  reg ion  of  t h e  v e s t i b u l a r  ana lyzer  t o  
minus s t imu la t ion .  

Reviewing t h e  foregoing,  we may make the  fol lowing conclusions.  

I .  F l i g h t s  i n  a i r c r a f t  t o  reproduce weight lessness  make it p o s s i b l e  t o  
a s c e r t a i n  those  persons sub jec t  t o  motion s i ckness .  

2. The use  of  a d d i t i o n a l  t en fo ld  r o t a t i o n  under condi t ions  o f  weight- 
l e s snes s  permits  determining those  persons with l a t e n t  forms o f  motion 
s ickness .  

3. The c r i t e r i a  f o r  t h e  tendency t o  motion s i ckness  i n  t h e  given method /227 
a r e  : 

a) nega t ive  sub j  e c t i v e  sensa t  ions ( i l l u s i o n s  of i nve r t ed  p o s i t  i on ,  h e a r t  
f a i l u r e ,  s ensa t ions  of  he lp l e s snes s  and f e a r ) ;  

b) high l a b i l i t y  of v e g e t a t i v e  r e a c t i o n s  (jumps i n  pu l se  and r e s p i r a t i o n  
r a t e s ,  r a p i d  change i n  s k i n  co lor )  ; 

c )  r e t a r d e d  ( t o  31-45 sec )  r e a c t i o n  of  pu l se  and r e s p i r a t i o n  recovery 
under  condi t ions  of zero g r a v i t y ;  

d) lengthening of  t h e  per iod  of  i l l u s i o n  o f  coun te r ro t a t ion  and pos t -  
r o t a t i o n a l  nystagmus dur ing  t h e  r o t a t i o n a l  t e s t  i n  weight lessness  and a f t e r  
f l i g h t  f o r  weight lessness  compared t o  i n i t i a l  da t a .  
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THE-SIGNIFICANCE OF CERTAIN VESTIBULOMETRIC TESTS 
I N  M E D I C A L  FLIGHT EXAMINATION O F  PERSONNEL PREDISPOSED 

TO ILLUSORY SENSATIONS D U R I N G  FLIGHT 

I ,  A. Sidel 'nikov and I .  I .  Bryanov 

ABSTRACT. A cha i r  w i t h  an unstable platform, pulsed cur ren t ,  
a  ro ta t ing  cha i r  w i t h  unstable platform and a  ro ta t ing  cyl in-  
der f o r  optokinet ic  s t imulat ion were used t o  study proneness 
t o  i l l u s i o n s  of s p a t i a l  o r i e n t a t i o n .  It was discovered t h a t  
increased s u s c e p t i b i l i t y  t o  pulsed current  indica tes  a  high 
probabi l i ty  of development of i l luso ry  sensat ions.  

I t  i s  known t h a t  i l l u s o r y  sensat ions o f  s p a t i a l  o r i e n t a t i o n  develop /228 - 
during f l i g h t  i n  many p i l o t s  a t  d i f f e r e n t  periods of  p r inc ipa l  a c t i v i t y .  
This prevents  f i n e  execution of the  f l i g h t  mission and, according t o  the  da ta  
of  fore ign authors,  i s  i n  14% of t h e  cases t h e  reason f o r  f l i g h t  mishaps [16]. 
A g rea t  deal  of a t t e n t i o n  has a l s o  been given t o  t h i s  problem i n  Soviet  
l i t e r a t u r e  [ I ,  2, 4, 10-151. 

I l l u s o r y  sensat ions  of s p a t i a l  o r i e n t a t i o n  during f l i g h t  a r e  most 
d i f f i c u l t  when solving problems of an expert  na ture ,  because medical f l i g h t  
examinat ion  has not  previously had s u f f i c i e n t l y  e f f e c t i v e  methods of 
inves t iga t ion  which permit fo recas t ing  the  p o s s i b i l i t y  o f  development of 
i l l u s i o n s ,  t o  reveal  t h e  mechanisms o f  d is rupt ions  i n  s p a t i a l  o r i e n t a t i o n ,  and 
t o  determine t h e  degree of t h e i r  s e v e r i t y  and pe r s i s t ence .  

This i s  why at tempts a r e  undertaken constant ly  t o  study these  d isorders ,  
and why t h e r e  a r e  unceasing at tempts t o  f i n d  new methods which permit simul- 
taneous diagnosis  and warning of t h e  development of  d is rupt ions  i n  s p a t i a l  
o r i e n t a t i o n  during f l i g h t .  

Papers have appeared i n  recent  years  [4, 51 which r e l a t e  d i s o r i e n t a t i o n  
i n  space and, i n  p a r t i c u l a r ,  t h e  development of i l l u s i o n s  during f l i g h t  t o  
c h a r a c t e r i s t i c s  o f  the  i n t e r a c t i o n  of analyzers which play an important r o l e  
i n  t h e  formation of s p a t i a l  concepts i n  man. In t h i s  regard we used a  
combination of methods [4, 51 d i r e c t e d  toward t h e  study of  the  i n t e r a c t i o n  of  
analzyers i n  personnel predisposed t o  i l l u s o r y  sensat ions ,  and i n  personnel 
s t a b l e  i n  t h i s  sense ( the  cont ro l  group). 

Below i s  presented a  shor t  desc r ip t ion  o f  a l l  ves t ibulometr ic  s tud ies  
used i n  t h i s  paper. 

1. A t e s t  t o  determine t h e  c a p a b i l i t y  of  t h e  sub jec t  t o  maintain equi- 
l ibrium with closed eyes i n  a  s p e c i a l  c h a i r  with uns table  support .  
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2 .  A t e s t  with pulsed current t o  determine the exc i t ab i l i t y  of the  
vest ibular  apparatus with closed and open eyes i n  a subject  who was i n  a cha i r  
with unstable support (when h i s  eyes were open, the  subject  f ixed h i s  gaze on 
an immobile visual  ob jec t ) .  With the  help of the  given t e s t ,  a minimum value /229 - 
of st imulation was determined ( in  t h i s  case, current in tens i ty )  , which caused 
t i l t i n g  reaction,  and the  extent of inh ib i t ing  e f fec t  on the  ves t ibu la r  
apparatus of t he  v i sua l  analyzer. 

3 .  A t e s t  i n  a ro ta t ing  chair  with unstable support which made it 
possible t o  determine t he  capabi l i ty  t o  recover equilibrium a f t e r  a spec i f i c  
amount of st imulation of the  ves t ibu la r  apparatus under conditions of 
balancing. This t e s t  was designed t o  ascer ta in  the  capabi l i ty  of inh ib i t ing  
vest ibular  reactions on the  pa r t  of the  motor analyzer under conditions, when 
t he  functional  in te r re la t ionsh ip  of  the  analyzers of posi t ion and body 
motion i n  space was disrupted a r t i f i c i a l l y .  

4. A t e s t  t o  determine charac te r i s t i cs  of the  development of the  opto- 
k ine t i c  i l l u s i o n  of motion. For t h i s  a ro ta t ing  cylinder was used (height and 
inner diameter of 1500 mm) with black and white s t r i p s  (100 mm wide) attached 
t o  the  inner surface a t  an angle of 60" t o  the  v e r t i c a l .  The subject  was 
placed i n  f ron t  of t he  cylinder. The optokinetic e f f ec t  was achieved by 
ro ta t ing  the  cylinder a t  a veloci ty  of 136 deg/sec. Illumination a t  t h e  level  
of t he  s t r i p s  was 50 luxes. The latency period of i l l u s ion ,  the  period of t h e  
a f t e r e f f ec t  and motor reac t ion  t o  t h e  optokinetic. stimulus were determined. 
Motor movements of t he  body (by means of tensometers and nystagmus) and 
vegetative (pulse and resp i ra t ion  ra tes )  react ions  were recorded. Moreover, 
deta i led charac te r i s t i cs  of sensory reactions were provided on the  bas i s  of 
o r a l  repor ts  of t he  subject .  

5. A ro ta t iona l  t e s t  which permitted determination of post - rota t ional  
nystagmus and the  duration of the  sense of counterrotat ion.  

Vestibulometric invest igat ion was combined with general c l i n i c a l  
invest igat ion.  

A t o t a l  of 86 subjects ,  of whom 75 were f i gh t e r  p i l o t s ,  7 were bomber 
p i l o t s  and 4 were from t ranspor t  avia t ion,  were studied.  I l lus ions  of s p a t i a l  
or ienta t ion were noted i n  46 subjects .  The remaining 40 subjects  displayed 
no i l l u so ry  sensations during the  f l i g h t s  and comprised the  control  group. 

In t h e  opinion of  a number of authors [17-211 concerning t he  dominant 
r o l e  of t h e  ves t ibu la r  apparatus i n  genesis of i l l u so ry  sensations, t he  
hypothesis may be qu i te  va l id  t ha t  i n  personnel prone t o  i l lusory  sensations,  
vestibulo-vegetative reactions during rocking i n  a swing w i l l  be detected i n  
a g rea te r  nwnber of cases. Therefore, a l l  subjects were subjected t o  rocking 
i n  a Khilov swing, and the  OR and ORlO t e s t s  were conducted. Examination 

showed t h a t  only 18 of 86 subjects displayed vestibulo-vegetative reactions of - /230 
various degrees of sever i ty  during rocking i n  the  swing and during t h e  OR 
t e s t .  

10 



I t  i s  important  t o  emphasize t h a t  i n  12 o f  18 sub jec t s  i l l u s i o n s  i n  
anamnesis were noted  dur ing  f l i g h t .  I n  6 s u b j e c t s  t h e r e  were no i l l u s o r y  
sensa t ions  during f l i g h t .  No c o r r e l a t i o n  between t h e  degree of s e v e r i t y  of  
vege ta t ive  r e a c t i o n s  and t h e  e x t e n t  of  i l l u s o r y  sensa t ions  dur ing  f l i g h t  were 
noted i n  any of t h e s e  s u b j e c t s .  Thus, s u b j e c t  I -ev each t ime d i sp l ayed  a  
sha rp ly  expressed ves t ibu lo -vege ta t ive  r e a c t i o n  during rocking i n  t h e  Khilov 
swing, while  he developed i l l u s o r y  sensa t ions  during f l i g h t  very  r a r e l y  and 
suppressed them e a s i l y  by changing p o s i t i o n  and f i x i n g  h i s  gaze on t h e  
instruments .  S imi l a r  d a t a  were noted i n  P - t ,  V-v and o t h e r s .  

On t h e  o t h e r  hand, moderately severe  ves t ibu lo -vege ta t ive  r e a c t i o n s  
(motion s i ckness  i n  t h e  swing, t h e  OR t e s t )  were encountered i n  personnel  with 
sharp ly  expressed sensory and vege ta t ive  r e a c t i o n s  during f l i g h t .  No apparent 
vege ta t ive  r e a c t i o n s  dur ing  rocking i n  t h e  swing were noted i n  a  s i g n i f i c a n t  
p a r t  of t h e  s u b j e c t s  who experienced t h e  e f f e c t  o f  i l l u s i o n .  

Thus, d a t a  obta ined  a s  a  r e s u l t  of i n v e s t i g a t i n g  ves t ibu lo -vege ta t ive  
r e s i s t a n c e ,  cannot be used f u l l y  t o  exp la in  t h e  reasons and mechanisms of 
i l l u s o r y  sensa t ions ,  and a l s o  t o  determine t h e i r  type ,  s e v e r i t y ,  d u r a t i o n ,  
e t c .  

Inves t iga t ions  of p o s t - r o t a t i o n a l  nystagmus, i l l u s i o n s  of  coun te r ro t a -  
t i o n ,  and OR r e s u l t s  a l s o  do no t  permit e s t a b l i s h i n g  a  causal  r e l a t i o n s h i p  
between t h e  degree of s e v e r i t y  o f  v e s t i b u l a r  r e a c t i o n s  during t h e s e  t e s t s  and 
p r e d i s p o s i t i o n  t o  i l l u s i o n s  during f l i g h t .  Thus, prolonged i l l u s i o n s  of 
coun te r ro t a t ion  and nystagmus were observed i n  both p i l o t s  with f a l s e  s p a t i a l  
s ensa t ions  dur ing  anamnesis, a s  we l l  as  i n  those  who had never  experienced 
them. 

On t h e  o t h e r  hand, even a t  t h e  f i r s t  s t a g e  of  i n v e s t i g a t i o n  a t t e n t i o n  was 
turned  t o  t h e  f a c t  t h a t  i n  personnel  wi th  i l l u s o r y  sensa t ions  dur ing  f l i g h t ,  
an inc reased  e x c i t a b i l i t y  of  t h e  v e s t i b u l a r  apparatus  t o  pulsed c u r r e n t  was 
de t ec t ed .  In  37 of 46 cases ,  e x c i t a b i l i t y  was increased ,  which was c h a r a c t e r -  
i z e d  by a  va lue  o f  pu lsed  cu r ren t  of 1-0.5 ma. A t  t h e  same t ime,  i n  p i l o t s  
no t  s u b j e c t  t o  i l l u s o r y  sensa t ions ,  e x c i t a b i l i t y  was determined by a  t h re sho ld  
va lue  of 1 .5-2.5 ma. 

Thus, f o r  example, i n  s u b j e c t  Sh-v, who o f t e n  complained o f  r e c u r r i n g  
i l l u s o r y  sensa t ions  during f l i g h t ,  t h e  s t imu la t ion  threshold  of t h e  v e s t i b u l a r  
apparatus  wi th  c losed  eyes was 0.5 ma, and i n  sub jec t  S-n, who d i d  n o t  observe 
s i m i l a r  phenomena dur ing  f l i g h t ,  it was 2.5 ma. 

The low s t i m u l a t i o n  th re sho ld  o f  t h e  v e s t i b u l a r  apparatus  t o  pulsed  
cu r ren t  was a l s o  d e t e c t e d  i n  p i l o t s  without i l l u s i o n s  during anamnesis, bu t  - /231 
who were s u b j e c t  t o  motion s ickness  both  during t h e  experiment and dur ing  
f l i g h t .  

Thus, a  c e r t a i n  g e n e r a l i t y  i s  noted i n  r e a c t i o n s  of t h e  v e s t i b u l a r  
appara tus  t o  pulsed  cu r ren t  i n  personnel prone t o  i l l u s i o n s  of s p a t i a l  
o r i e n t a t i o n .  



The minimum values  of cu r r en t  causing response r eac t ions  o f  t h e  
v e s t i b u l a r  apparatus  wi th  a  f i x e d  gaze i n  p i l o t s  experiencing f a l s e  s ensa t ions  
during f l i g h t  were d i f f e r e n t ,  bu t  t h e  l o s s  of  equi l ibr ium o r  motor r e a c t i o n  
cont inued f o r  a  prolonged per iod  i n  a l l  s u b j e c t s .  I t  was e s p e c i a l l y  prolonged 
i n  t hose  s u b j e c t s  who ind ica t ed  development of  complex i l l u s i o n s  - -  i nve r t ed  
pos i ton  o f  t h e  a i r c r a f t  and sharp  r o l l i n g .  I t  should be noted t h a t  i n  some 
o f  t h e s e  sub jec t s  asymmetry of  e x c i t a b i l i t y  was observed upon s t i m u l a t i o n  of 
t h e  r i g h t  and l e f t  v e s t i b u l a r  apparatus .  E x c i t a b i l i t y  of t h e  v e s t i b u l a r  
ana lyze r  when t h e  gaze was f i x e d  v a r i e d  wi th in  t h e  limits o f  0.5-3 ma. 

In  s u b j e c t s  having no f a l s e  s ensa t ions  during f l i g h t ,  it was not  p o s s i b l e  
t o  cause lo s ses  of  equi l ibr ium (with f ixed  gaze) by pulsed cu r ren t  of  t h e  
i n d i c a t e d  i n t e n s i t y ,  o r  it was extremely b r i e f .  

Upon comparison of  t h e  i n v e s t i g a t i o n  r e s u l t s ,  a  c e r t a i n  g e n e r a l i t y  was 
revea led  of r e a c t i o n s  i n  s p e c i f i c  groups o f  personnel .  Thus, t hose  wi th  
increased  s e n s i t i v i t y  t o  pulsed cu r ren t  (with c losed  and open eyes ) ,  a s  a  
r u l e ,  withstood r o t a t i o n  poor ly  i n  combination with ba lanc ing  on an u n s t a b l e  
p la t form and o p t o k i n e t i c  s t imu la t ions .  Comparing t h e  d a t a  obta ined  wi th  
anamnestic d a t a ,  one may be convinced t h a t  i n  t h e s e  sub jec t s  i l l u s o r y  sensa-  
t i o n s  developed very e a s i l y  during f l i g h t  and, what i s  e s p e c i a l l y  impor tan t ,  
t h e  i l l u s i o n s ,  be ing  very severe  i n  n a t u r e ,  d i d  n o t  d i sappear  upon a t tempts  t o  
e l i m i n a t e  them by ,one o r  another  method. Fixing t h e  gaze on t h e  instruments  
d i d  not  h e l p .  

Thus, i n  t h i s  group (26 s u b j e c t s )  t h e r e  was a  d e f i n i t e  phys io log ica l  
c h a r a c t e r i s t i c  -- increased  v e s t i b u l a r  s e n s i t i v i t y  with weak i n h i b i t i o n  of t h e  
e f f e c t  o f  s t imu la t ions  o f  t h e  v i s u a l  and motor ana lyzers  on t h e  v e s t i b u l a r  
ana lyze r  under condi t ions  of v a r i a b l e  f u n c t i o n a l  e f f e c t  o f  t h e  l a t t e r .  

Let u s  c i t e  s e v e r a l  examples. P i l o t s  K-un, Z-kiy, and S- in  were s e l e c t e d  
f o r  t h e  s tudy  i n  connect ion with o f t e n  developing and prolonged va r ious  
i l l u s i o n s  of s p a t i a l  o r i e n t a t i o n  during f l i g h t .  They d isp layed  inc reased  
s e n s i t i v i t y  of t h e  v e s t i b u l a r  apparatus  t o  pulsed cu r ren t  (0.5-1 ma) w i th  
c lo sed  and open eyes,  prolonged recovery o f  equi l ibr ium (32-102 sec )  w i th  l o s s  
o f  o r i e n t a t i o n  i n  space a f t e r  r o t a t i o n  and subsequent t r a n s i t i o n  t o  an 
u n s t a b l e  p la t form,  a  s h o r t  l a tency  per iod  ( t o  5 sec)  and a  long per iod  o f  /232 
a f t e r e f f e c t  of o p t o k i n e t i c  i l l u s i o n  of motion (40-48 sec)  . Apparently,  an 
important r o l e  i n  t h e  mechanism of t h e  development o f  i l l u s i o n s  i n  t h e  p i l o t s  
named was played by t h e  c h a r a c t e r i s t i c s  of  phys io logica l  i n t e r a c t i o n  o f  t h e  
ana lyzers  i n  space o r i e n t a t i o n ,  which a r e  t y p i f i e d  by weak i n h i b i t i n g  e f f e c t s  
on t h e  p a r t  o f  t h e  v i s u a l  and motor ana lyzers  on t h e  v e s t i b u l a r  ana lyze r .  

We assume t h a t ,  wi th  r e spec t  t o  such p i l o t s ,  t h e  ques t ion  must b e  r a i s e d  
about changing t h e i r  p ro fe s s ion  o r  of  removing them from instrument  f l i g h t s .  

The s u b j e c t s  of  t h e  o t h e r  group (11 s u b j e c t s )  d i f f e r  s i g n i f i c a n t l y .  
Typical  of them a r e  increased  s e n s i t i v i t y  o f  t h e  v e s t i b u l a r  apparatus  t o  
pulsed  cu r ren t  (0.5-1 ma) with closed eyes and normal o r  decreased s e n s i t i v i t y  
wi th  open eyes and f i x i n g  o f  t h e  gaze on a  v i s i b l e  o b j e c t .  This  i s  



charac ter ized  by a  b r i e f  period of equil ibr ium recovery on an uns tab le  
platform a f t e r  r o t a t i o n  (0-30 sec) , a  prolonged latency period ( g r e a t e r  than 
15 s e c ) ,  and b r i e f  period of a f t e r e f f e c t  of  optokinet ic  i l l u s i o n  (4-5 s e c ) .  

P i l o t s  of  t h i s  group a re  a l s o  d is t inguished by t h e  circumstance t h a t  some 
of them develop motion s ickness  under experimental condit ions with c losed  
eyes. S t imula t ion  of t h e  v i s u a l  and motor analyzers  (balancing),  on the  o t h e r  
hand, he lps  t o  i n h i b i t  v e s t i b u l a r  r eac t ions .  Anamnestic da ta  a r e  i n  agreement 
with experimental r e s u l t s :  they a r b i t r a r i l y  i n h i b i t  i l l u s i o n s  during f l i g h t  
not  only when ground o r i e n t a t i o n  po in t s  f a l l  wi th in  t h e i r  f i e l d  of v i s i o n ,  but  
even when f i x i n g  t h e  gaze on a  l i g h t  source i n s i d e  t h e  cabin. Demonstrative 
i n  t h i s  regard a r e  t h e  r e s u l t s  of t h e  study of  V-v, who suppressed i l l u s i o n s  
during f l i g h t  by f i x i n g  h i s  gaze on a  s i g n a l  lamp. 

Thus, i n  a  given case the  s i g n i f i c a n t  f a c t o r  determining pathogenesis  of 
i l l u s i o n s  dur ing  f l i g h t  should be considered t h e  increased s e n s i t i v i t y  of  t h e  
v e s t i b u l a r  analyzer  with t h e  r e l a t i v e l y  high i n h i b i t i n g  e f f e c t  on it of t h e  
v i s u a l  and motor analyzers .  

Additional da ta ,  which make poss ib le  c l a r i f i c a t i o n  o f  t h e  c a p a b i l i t y  o f  
t h e  i n h i b i t i n g  e f f e c t  of s t imula t ions  of t h e  v i s u a l  analyzer  on v e s t i b u l a r  
r eac t ions ,  a r e  t h e  r e s u l t s  o f '  i nves t iga t ing  t h e  op tok ine t i c  i l l u s i o n  of  
motion. 

The prolonged period of the  a f t e r e f f e c t  of op tok ine t i c  s t imulus (6-5 sec)  
i n d i c a t e s  weak i n h i b i t i o n ,  and a s h o r t  period (0-5 sec)  ind ica te s  a  s t rong  
i n h i b i t i n g  e f f e c t  of s t imula t ions  of t h e  v i s u a l  analyzer .  

For t h e  two groups described one should a l s o  note  t h e  s i g n i f i c a n c e  of  t h e  /233 - 
r e s u l t s  of r o t a t i o n a l  t e s t s  on an uns tab le  platform i n  analys is  of t h e  
s e v e r i t y  of f a l s e  sensa t ions  which develop during f l i g h t .  I t  has been noted 
t h a t  i n  personnel with severe  and p e r s i s t e n t  s p a t i a l  d i s rup t ions  of v e s t i b u l a r  
o r i g i n ,  equil ibr ium a f t e r  r o t a t i o n  i s  not  recovered f o r  a  prolonged per iod:  
f o r  35-102 sec .  This i s  o f t e n  r e l a t e d  t o  the  sensa t ion  of t o t a l  d i s o r i e n t a -  
t i o n  i n  space. 

Evaluation of t h e  f i t n e s s  of p i l o t s  of the  second group f o r  p ro fess iona l  
a c t i v i t y  under complex weather conditions should be  accomplished with regard 
t o  t h e  e f fec t iveness  of spec ia l  condit ioning d i r ec ted  toward inc reas ing  
r e s i s t a n c e  aga ins t  s t imula t ions  of t h e  v e s t i b u l a r  analyzer  and improvement of 
phys io logica l  systems and mechanisms which determine i n h i b i t i o n  of v e s t i b u l a r  
r eac t ions  (s trengthening t h e  muscular apparatus,  balancing s k i l l s ,  l ea rn ing  t o  
f i x  t h e  gaze on t h e  instruments ,  e t c . ) .  

Results  of ves t ibulometr ic  t e s t s  i n  the  t h i r d  group of s u b j e c t s  (nine 
men), who experienced i l l u s o r y  sensa t ions  during f l i g h t ,  d id  not  d i f f e r  i n  t h e  
c h a r a c t e r i s t i c s  which were common t o  t h e  f i r s t  two groups. 

I t  was poss ib le  t o  observe i n  these  persons normal, increased o r  
decreased s e n s i t i v i t y  of t h e  v e s t i b u l a r  apparatus, and disagreement between 



r e s u l t s  o f  inves t iga t ing  t h e  s e n s i t i v i t y  of t h e  v e s t i b u l a r  apparatus wi th  a  
pulsed cu r ren t  and d a t a  obtained by o the r  methods. In some p i l o t s ,  r e s u l t s  of 
inves t iga t ing  t h e  v e s t i b u l a r  apparatus t y p i f i e d  h i s  normal s e n s i t i v i t y .  
However, funct ional  d isorders  of t h e  nervous system, diagnosed by c l i n i c i a n s  
a s  a  neuro t i c  s t a t e ,  were e s t ab l i shed  i n  a l l  t hese  persons. Obviously, t h i s  
circumstance may be  explained by development during f l i g h t  of various 
d i so rde r s  of s p a t i a l  percept ion  i n  t h e  l a t t e r  group of sub jec t s .  

Upon examination of p i l o t s  having no i l l u s i o n s  during anamnesis ( the  
con t ro l  group), no devia t ions  were ascer ta ined  i n  t h e  funct ion  of  t h e  ves t ib -  
u l a r  apparatus o r  i n  t h e  c h a r a c t e r i s t i c s  of i n t e r a c t i o n  of  v e s t i b u l a r ,  v i sua l  
and motor analyzers .  

Conc 1 us i ons 

1. The proposed complex of methods t o  s tudy t h e  v e s t i b u l a r  funct ion ,  
based on study o f  i n t e r a c t i o n  of t h e  v e s t i b u l a r  analyzer  with motor and v i s c a l  
analyzers ,  provides g rea t  oppor tun i t i e s  f o r  determining and c l a r i f y i n g  t h e  
mechanisms of s p a t i a l  d is rupt ions  i n  f l i g h t  personnel .  

2 .  Increased s e n s i t i v i t y  of t h e  v e s t i b u l a r  analyzer  t o  pulsed c u r r e n t  i n  
conjunction wi th  t h e  weakened i n h i b i t i n g  e f f e c t  o f  t h e  propr iocept ive  and - /234 
v i s u a l  analyzers  on v e s t i b u l a r  reac t ions  should be regarded a s  an unfavorable 
d iagnos t i c  symptom when s e l e c t i n g  personnel f o r  f l y i n g  under complex weather 
condi t ions .  

3 .  The combination of increased s e n s i t i v i t y  of t h e  v e s t i b u l a r  apparatus 
with a  high i n h i b i t i n g  e f f e c t  o f  t h e  v i s u a l  and motor analyzers  may b e  
regarded as  a  favorable  d iagnos t ic  i n d i c a t o r  with respect  t o  f l i g h t  a c t i v i t y ,  
bu t  f o r  f l i g h t s  under complex weather condit ions i t  i s  des i r ab le  t o  conduct 
spec ia l  condit ioning.  

4. The proposed complex of  ves t ibulometr ic  t e s t s  i n  conjunct ion with 
general  c l i n i c a l  examination makes it poss ib le  t o  i s o l a t e  personnel i n  whom 
i l l u s o r y  sensa t ions  have a nonves t ibular  genesis ,  and, thus ,  provides t h e  
opportunity t o  approach d iagnos t i c  evalua t ion  of  f l i g h t  personnel having f a l s e  
sensa t ions  of s p a t i a l  o r i e n t a t i o n  during f l i g h t  i n  a  d iscr iminat ing  manner. 
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C O M P A R A T I V E  ANALYSIS OF VESTIBULOMETRIC METHODS OF 
EXAMINATION USED F O R  PURPOSES O F  PROFESS l ONAL SELECTION 

S. R.  Raskatova 

ABSTRACT. Three t e s t s  were compared i n  o rde r  t o  f i nd  more 
s e n s i t i v e  methods of vest ibulometry during. medical f l i g h t  
examination. Examinations of 900 sub jec t s  ind ica ted  t h a t  
D P K  i s  t he  s imples t  and most economical method timewise, 
reveal ing increased s e n s i t i v i t y  of t he  v e s t i b u l a r  apparatus  
t o  the  e f f e c t  of adequate s t imu la t ion  when o t h e r  methods a r e  
l e s s  i n d i c a t i v e .  

Vestibulometry occupies one of t h e  leading  p o s i t i o n s  among methods used 
i n  medical f l i g h t  examination. 

Moreover, examination of  candidates  i n  f l i g h t  schools ,  and a l s o  s e l e c t i o n  
of  personnel  f o r  s p e c i a l  purposes i s  a  very  d i f f i c u l t  ma t t e r .  The d i agnos t i -  
c i a n  must determine i n  a  s i n g l e  examination no t  only t h e  e x p l i c i t  pathology,  
b u t  a l s o  l a t e n t  d i s r u p t i o n s  of  t h e  o torh inolaryngologica l  organs, and, more- 
over ,  a  l a r g e  number of  personnel  i s  gene ra l ly  examined wi th in  a  very  l i m i t e d  
t ime.  In  t h i s  r ega rd  it i s  necessary t o  no te  which methods o f  i n v e s t i g a t i n g  
t h e  func t ion  of t h e  v e s t i b u l a r  appara tus  ( t he  Khilov swing and ORlO exper- 

iment) acceptab le  a t  p re sen t  a r e  extremely labor-consuming. 

P r a c t i c e  i n d i c a t e s  t h a t  t e s t i n g  i n  a  Khilov swing r equ i r e s  on t h e  average 
no l e s s  t han  18 min, and t h e  ORlO experiment no l e s s  than  25 min. This  i s  why 

u n t i l  t h e  p re sen t  s ea rches  go on f o r  new methods o f  ves t ibu lome t r i c  
examination, which a r e  more s u i t a b l e  f o r  purposes of  p ro fe s s iona l  s e l e c t i o n .  
In  connection wi th  manned f l i g h t s  i n t o  space,  even more a t t e n t i o n  has  r e c e n t l y  
been given t o  s t u d i e s  i n  t h e  f i e l d  o f  labyr in thology.  

This  r e p o r t  p re sen t s  r e s u l t s  of comparing d i f f e r e n t  ves t ibu lome t r i c  
methods, used f o r  purposes o f  medical f l i g h t  diagnosis  ( t he  Khilov swing, 
OR ) , with a  method developed by I .  I .  Bryanov on which i s  based t h e  10 
cumulat ive e f f e c t  on t h e  v e s t i b u l a r  appara tus .  

The t e s t  f o r  endurance of  accumulation o f  C o r i o l i s  f o r c e s  i s  conducted i n  
t h e  fol lowing manner. The sub jec t  assumes t h e  same p o s i t i o n  i n  a  Barani c h a i r  
a s  i n  t h e  OR t e s t  (body i n c l i n e d  90" wi th  r e spec t  t o  t h e  v e r t i c a l  p l ane ) .  The 
c h a i r  then  begins t o  r o t a t e  uniformly a t  a  v e l o c i t y  o f  two r evo lu t ions  p e r  
second (eyes c lo sed ) .  The s u b j e c t  s t r a i g h t e n s  and t i l t s  h i s  body on t h e  
background of t h e  cons tan t  uniform r o t a t i o n  o f  t h e  c h a i r .  So t h a t  t h e  r a t e  of  
s t r a i g h t e n i n g  i s  con t ro l l ed  by t h e  s u b j e c t  h imsel f ,  it i s  suggested t h a t  he 



pronounce aloud two-digi t  f i g u r e s .  For example, when s t r a igh ten ing  a t  an 
assigned v e l o c i t y  of 3 sec ,  t h e  subjec t  pronounces "twenty-one, twenty-two, 
twenty-three,"  and during t h i s  counting s t r a i g h t e n s  h i s  body. T i l t i n g  and 
s t r a igh ten ing  a r e  continued throughout unin ter rupted  r o t a t i o n  every 5 s e c  
on command from t h e  doctor .  The t e s t  continues f o r  one minute, then t h e  c h a i r  
i s  stopped. The pause continues f o r  one minute. During t h i s  t ime,  t h e  doctor  - /236 
determines vege ta t ive  r eac t ions  and quest ions t h e  subjec t  about s u b j e c t i v e  
sensa t ions .  Af te r  t h e  minute's pause, i n  t h e  absence of expressed vege ta t ive  
r eac t ions ,  t h e  t e s t  i s  continued f o r  t h e  same per iod ,  bu t  t h e  c h a i r  i s  r o t a t e d  
i n  t h e  opposi te  d i r e c t i o n .  Thus, t h e  e n t i r e  t e s t  i s  run f o r  t h r e e  minutes. A 
prel iminary experiment of running t h e  t e s t  f o r  accumulation of Cor io l i s  forces  
permit ted us  t o  assume t h a t  personnel who withstand the  above t e s t  we l l  should 
withstand t h e  t e s t  i n  the  Khilov swing and t h e  ORlO experiment, and those  

persons who d i sp lay  vege ta t ive  r eac t ions  during rocking i n  t h e  Khilov swing 
and t h e  ORlO experiment should be exposed with t h e  he lp  of t h i s  t e s t .  The 

a c t i v e  e f f e c t  of  Cor io l i s  fo rces  i n  the  above t e s t  continues f o r  two minutes 
(DPK) . 

Comparison o f  t h e  methods was condu~csd  on f l y i n g  personnel ,  candidates 
of f l y i n g  schools and cadet  p i l o t s  of t h e  All-Union Aviation School. The 
d a t a  presented  provide the  opportunity t o  follow t h e  r e s u l t s  of ves t ibu lo -  
metr ic  s t u d i e s  on a l l  age groups. A t o t a l  of 153 sub jec t s  were t e s t e d .  

When conducting ves t ibulometr ic  s t u d i e s ,  we adhered s t r i c t l y  t o  i d e n t i -  
f i c a t i o n  of t h e  condit ions and sequence of t e s t s  run. Thus, ves t ibulometr ic  
t e s t i n g  was conducted between 12 and 2 p.m. i n  persons who were not  involved 
i n  any o t h e r  t e s t s ,  including s t imula t ion  t e s t .  The i n t e r v a l  between sub- 
sequent v e s t i b u l a r  t e s t i n g  was 1-2 days. Thus, a l l  t e s t s  were run under 
d i f f e r e n t  condit ions.  

TABLE 1 .  DISTRIBUTION O F  TEST SUBJECTS BY AGE AND PROFESSIONAL A C T I V I T Y  

test subjects 

Flying personnel q4 37 49 7 
Cadets .9 9 - - 
No11-flying per- 38 12 - 
%?!2Eel _- __ 

Total 1 5 3 1  84 1 6 1  1 7 

Table 1 shows d i s t r i b u t i o n  of t e s t  sub jec t s  by age and p ro fess iona l  
a c t i v i t y .  



Table 2 shows t h e  comparative c h a r a c t e r i s t i c s  of ves t ibulo-vegeta t ive  
r eac t ions  i n  the  t e s t  sub jec t s  depending on t h e  manner of s t imula t ing  t h e  
v e s t i b u l a r  apparatus.  

TABLE 2. COMPARATIVE CHARACTERISTICS OF VESTIBULO-VEGETATIVE REACTIONS O F  
TEST SUBJECTS DEPENDING ON THE METHOD OF S T I M U L A T I N G  THE V E S T I B U L A R  APPARATUS 

Group of test 
subjects 

Thus, with t h e  h e l p  of t h e  DPK t e s t  (a two-minute t e s t  f o r  accumulation 
of Cor io l i s  f o r c e s ) ,  34 sub jec t s  were revealed with very severe vege ta t ive  
r e a c t i o n s  and 58 with an average degree of r eac t ion ,  while only 13 sub jec t s  /237 
with very severe and 35 with moderately severe r e a c t i o n s  were revealed during 
t e s t i n g  i n  t h e  Khilov swing; l e s s  e f f e c t i v e  was t h e  ORlO experiment, which 

Flying personnel 
Non-flying per- 
sonnP.1- 

Total 
----- 

Total 

revealed  very severe  vege ta t ive  r eac t ions  i n  only t h r e e  sub jec t s  and moder- 
a t e l y  severe i n  32 sub jec t s .  

--.- a_gL - _ _ _ - - -  a g e  -- =-- _-_ _ - _ a ~  ----- 

DPK , Test , 
Good Aver- Poor 

43 I 38 22 68 ; 25 10 j 82 ( 18 / 3 
18 / 20 / 12 / 37 i 10 / 3 / 36 11 ! - 
--- 

61 I BS / 34 1 105 ( 35 / 13 ( 118 / 32 ( 3 
- 

TABLE 3. COMPARATIVE CHARACTER1 ST1 CS OF VEST1 BULO-VEGETAT I V E  D l  SORDERS I N  
SUBJECTS DURING T E S T I N G  I N  THE K H I L O V  SWl NG AND THE DPK TEST 

K h i r  sivi,ng , 
,oRlo , Good Aver- Poor Good Aver Poor 

- -- 
153 I 153 1 

- -- - .- - 153 - 

- -A - -- . -- 

1 DPK Test - 

Good tolerance 58 34 
Moderately severe 
vegetative reaction 3 17 15 35 
Very severe vegeta- 
tive reaction - 7 G 

_-_--_I________ _ _  - _ 



Table 3 compares r e s u l t s  o f  to l e rance  of t h e  same personnel during 
t e s t i n g  i n  t h e  Khilov swing and t h e  DPK t e s t .  

Thus, i05 sub jec t s  endured t h e  swing without vege ta t ive  r e a c t i o n s .  When 
examined by t h e  DPK method, only 58 sub jec t s  (out of 105) d id  no t  d i sp lay  
vege ta t ive  r eac t ions .  Various degrees of vege ta t ive  r e a c t i o n  were revealed  i n  
47 sub jec t s  (34 and 13) .  The ORlO experiment (Table 4) revealed vege ta t ive  

r eac t ions  i n  14 sub jec t s ,  and 91 sub jec t s  displayed no vege ta t ive  r e a c t i o n s .  

TABLE 4. COMPARATIVE CHARACTERISTICS OF VESTIBULO-VEGETATIVE DISORDERS I N  
SUBJECTS DURING TESTS I N  A K H I L O V  SWING AND THE ORlo TEST 

A t  f i rst  glance one forms t h e  impression t h a t  t h e r e  a r e  many d iscrep-  
ancies  between the  Khilov swing and ORlO t e s t .  However, ana lys i s  of  t h e  da ta  

Total Khilov swing Good Moterately se- 
tolerance vere vegetative 

Good tolerance 
Moderately severe 
vegetative reaction 

Very severe vegeta - 
tive reaction 

---.- 

Total 

on average and poor to lerance  t o  t h e  Khilov swing i n  48 sub jec t s  (35 and 13) - /238 
shows t h a t  only th ree  persons d i d  not  r evea l  ves t ibulo-vegeta t ive  d i so rde r s  
during t h e  DPK t e s t .  I n  t h e  remaining 45 s u b j e c t s ,  t h e  DPK t e s t  revealed  
vege ta t ive  r eac t ions  of moderate and very severe na ture .  Regarding t h e  ORlO 

--.- I ! reaction reaction 
*-I I I I 

Very severe 
vegetative 

experiment, t h i s  t e s t  d id  no t  r evea l  ves t ibulo-vegeta t ive  r eac t ion  i n  
27 sub jec t s  (23 and 4) of 48. 

91 

23 

4 

Comparing r e s u l t s  of to l e rance  t o  t h e  OR experiment and DPK t e s t  10 
(Table 5 ) ,  we a l s o  note  a  d e f i n i t e  c h a r a c t e r i s t i c  which ind ica te s  t h a t  t h e  

O R l  0  
experiment i s  a  weaker t e s t  t o  reveal  the  degree of to l e rance  o f  t h e  

- 
10s 1 42 ' 1 3 1 1 5 3  

14 

I1 

1 

v e s t i b u l a r  apparatus.  Thus, 59 sub jec t s  o f  118 who t o l e r a t e d  t h e  ORlO t e s t  

well  displayed vegeta t ive  r eac t ions  when t e s t e d  by t h e  DPK method. On t h e  
o t h e r  hand, i n  almost a l l  cases ,  when the  ORlO experiment revealed decreased 

-- 

I 

2 

t o l e rance  of t h e  v e s t i b u l a r  apparatus,  t h e  two-minute t e s t  confirmed it. 

105 

35 

13 



TABLE 5 ,  COMPARATIVE CHARACTERISTICS OF VESTIBULO-VEGETATIVE DISORDERS I N  
SUBJECTS DURING ORlo AND DPK TESTING 

Simi la r  d a t a  were obtained i n  t h e  s t u d i e s  o f  a  number of  a i r  fo rce  / 2 3 9  - 
doctors .  

Good tolerance 
Moderately severe 
vegetative reaction 
Very severe vegetative 
reaction 

Total  
- 

The g r e a t e s t  number of  coincidences i n  t h e  degree of s e v e r i t y  of  vegeta-  
t i v e  r eac t ions  is  i n  t e s t i n g  i n  t h e  Khi'lov swing and t h e  DPK t e s t  (Table 6 ) .  

TABLE 6. COMPARATIVE CHARACTERISTICS OF VESTIBULO-VEGETATIVE REACTIONS I N  
CANDIDATES I N  THE ALL-UNION AVIATION SCHOOL, DEPENDING ON THE METHOD OF 

ST I MULAT l NG THE VEST I BULAR APPARATUS 

59 

2 

7 

---- 
De ree of 
otfiithic f IKhilov DPK / Otoiithic 

Total 1 56 1 5G 1 56 

61 1 58 1 34 1 1 5 3  
- - - 

46 

12 

- 

O f  s p e c i a l  i n t e r e s t  i s  t h e  ana lys i s  of t h e  d a t a  o f  Table 7 ,  which shows 
t h e  comparative c h a r a c t e r i s t i c s  o f  ves t ibu lo -vege ta t ive  r e a c t  ions i n  cadets  
beginning f l i g h t  t r a i n i n g  ( I .  L .  Litmanov). 

13 

18 

3 

118 

32 

3 



TABLE 7. COMPARATIVE CHARACTERISTICS OF VESTIBULO-VEGETATIVE REACTIONS I N  A 
GROUP OF CADETS DEPENDING ON THE METHOD OF S T I M U L A T I N G  THE V E S T I B U L A R  

APPARATUS 

Thus, t e s t i n g  i n  t h e  Khilov swing revealed hardly  any ves t ibu lo -  
vege ta t ive  d i so rde r s ,  while the  DPK t e s t  revealed 15 sub jec t s  with I1 and 
111 degree vegeta t ive  d i so rde r s .  

Moreover, it is  important t o  emphasize t h a t  these  15 sub jec t s  with I1 and 
I11 degree vegeta t ive  r eac t ions  a l so  revealed one degree o r  another  o f  
vege ta t ive  r eac t ion  during f l i g h t s .  On t h i s  b a s i s  we can assume t h a t  t h e  - 1 2 4 0  
nature  of  v e s t i b u l a r  s t imula t ion  i n  t h e  DPK t e s t  i s  most s i m i l a r  t o  s t i m u l i  
which occur under r e a l  f l i g h t  condit ions of a l l  t h e  ves t ibulometr ic  t e s t s .  We 
can agree with t h i s  assumption, s ince  adequate s t imula t ions  i n  t h e  DPK t e s t  
a re  not  continuous o r  monotonic, but with pauses, i . e ,  t h e  same a s  occurs  
under r e a l  f l i g h t  condit ions.  

Among t h e  advantages of  t h e  DPK t e s t  should be included t h e  f a c t  t h a t  
s t imula t ions  a r e  s t r i c t l y  proport ioned,  and t h e  one-minute break (between t h e  
two r o t a t i o n s )  makes it poss ib le  t o  determine more accura te ly  t h e  na tu re  and 
degree of  s e v e r i t y  of vege ta t ive  reac t ions  occurring a f t e r  each minute of 
s t imula t ion .  Moreover, t h e  minute break is  a unique t e s t  f o r  f l u c t u a t i o n  i n  
t h e  rhythm of  s t imula t ion ,  i . e .  it permits u s  t o  judge t h e  a d a p t a b i l i t y  of t h e  
organism and i t s  adapta t ional  c a p a b i l i t i e s .  The f a c t  i s  t h a t  some persons 
withstand very  prolonged and monotonically a c t i v e  s t imula t ion  q u i t e  s a t i s -  
f a c t o r i l y ,  as  i f  they a r e  adapting t o  the  i n t e n s i t y  o f  t h e  s t imulus and i t s  
rhythm, but  should they come under condit ions when t h i s  rhythm i s  d i s rup ted ,  
they  begin t o  r eac t  vigorously by severe ves t ibulo-vegeta t ive  r e a c t i o n s .  I t  
i s  q u i t e  n a t u r a l  t h a t  f o r  p ro fess iona l  a c t i v i t y  of a  p i l o t ,  and even more s o  
when s e l e c t i n g  cosmonaut candidates,  it is p re fe rab le  t o  s e l e c t  personnel  with 
high mobi l i ty  of adapt a t i o n a l  mechanisms. 

Thus, on the  bas i s  of  t h e  comparative analys is  of t h r e e  ves t ibulometr ic  
methods given, a  d e f i n i t e  c h a r a c t e r i s t i c  i s  noted which ind ica te s  t h a t  t h e  
ORlO experiment i s  t h e  weakest t e s t  t o  reveal  t h e  degree of to l e rance  of t h e  



v e s t i b u l a r  appara tus ,  and t h e  DPK method i s  t h e  most e f f e c t i v e ,  respons ive  t o  
problems o f  p ro fe s s iona l  s e l e c t i o n .  

Conclus ions 

1. DPK (a two-minute t e s t  f o r  t o l e r a n c e  t o  accumulation of  C o r i o l i s  
fo rces )  i s  a  simple and economic method timewise, which makes i t  p o s s i b l e  t o  
determine t h e  s t a b i l i t y  of t h e  v e s t i b u l a r  appara tus  t o  t h e  e f f e c t  of  adequate  
s t i m u l i .  

2 .  DPK makes it. p o s s i b l e  t o  r evea l  increased  s e n s i t i v i t y  of  the  
v e s t i b u l a r  appara tus  i n  those cases  when t h i s  i s  n o t  p o s s i b l e  by o the r  methods 
of ves t ibu lometry  used i n  medical f l i g h t  d i agnos i s .  

3 .  DPK may be used a s  a  method of  condi t ion ing  t h e  v e s t i b u l a r  appa ra tus ,  
and a s  a  c o n t r o l  of i t s  e f f e c t i v e n e s s .  

T rans l a t ed  f o r  t h e  National  Aeronautics and Space Administrat ion under 
c o n t r a c t  No. NASw-1695 by Techtran Corporat ion,  P .  0 .  Box 729, Glen Burnie,  
Maryland 21061 
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